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me;tallic salts. 157 

quantities ; but it ought neyer to be applied but 
by experienced persons. 

Charles. This will not dissolve in water ? 

Tutor. Not in cold water ; nor, indeed, in 
boiling water, with so little as 1000 times its 
weight of that fluid. 
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Of Acid SupforfeM,— q/%i2^*fil'^^ 



*UT OR — CH ABLE S — JAMES . 

TUTOR. The next diyision of the acids is, 
cording to the plan which I have adopted from Di; 
Thomson, the acid supporters. 

Charles. What are the characteristics of thew 
acids ? 

Tutor. 1. They cannot he produced by com 
bustioD, and are incombustible ; 2. They are ca 
pnble of supporting combustioa ; and 3. They av 
uecomposed by exposure to a high temperature' 
in that case, the oxygen escapes in a state of gas 
Among these are all the metallic acids. 

Jamet, How many of the acids do you arrang 
oader (his class ? 

Tutor. There are seven, viz. the nitrtc, mb- 

atATfC. ARSENIC, TUNGSTIC, MOLVBDIC, CBROM 

I cOLUMBic acids. Of these, the fti^VVisw,'' 

yoL. If, 
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ing of great impartance in Chemistry, I will i 
scribe tonlay ; the others wU] come in under thd 
respective bases ; thus arsenic acid will be di 
•cnbed nith anenic, and io of the rest. 

Ckarlts. ie the nitric acid formed from nitre 

T^lor. It is one of the component parts of ni>. 

tre, which is itself a compound of oxygen and nw 

trogen or azote, in the proportion of about sevffl 

parts of Dxygea and three of nilroEen. 

Jamts. Can it be formed from these gases ? 
Tutor. If the gases be mixed in a glass tubi 
Mid a nutnber of electric explosions be passe 
Uiroii^li them, the gases will combine, and nitri 
Hci<] will be formed about the iuside of the tube 
It is one of the most corrosive acids. 
fJuirltt. This is strange, considering that the bI 
Ucli we hreathe is formed of the same gaaee. 
TVlor. The proportions are some^vbat difl'&i 
t, xnd (he gHses, that make up the atmospheri 
Mir, ar<! only mixed ; tiut in tbrmiog the nitric a< ~ 
tbcrv is probably n complete chemical union. 
J.ttnn. Cao you produce the gases from pur( 
i I .ipiin! 

Tbc acid miiy be easily analysed, b; 
iltrougli a red hot porcelain tube, aa 
'>Min«|] (vill l>e found to he a mixture ( 
the u.'-i'iii": and oiygvu gases- 

irttt. What are the properties of i 






1'M»r, When newly prepared and very puill 
i( ia ft tmmpareut and colourless liquid : but tli 
«Kti«ti of the lii^l vrill drive off a part of the oxji 



gen, and then it becomes yellow. It U verj con 
rosive, and tinges tbe skin wherever it toncheg 
Nor will the tinge disappear but wilh the skin it 
<ctf. It emits very penetrating and disugreeabll 

Jumes. Does it combine readily with water 1 

7'itl.or. It has a strong adiaily for water, an 
has never been obtained, in the liquid slate, fre 
from it. It ia, when pure, much heavier tfaa 
water ; and, when suddenly mixed with it, a ccfli 
siderable heat is produced. (n) 

Charles. Is nitric acid ever obtained in tbe foit 
of gas? 

Tutor. It may be regarded, when perfect]^ 
pure, as a gaseous body ; and the liquid acidco* 
sists of thin gas condensed by water, iu the pn)" 
portion of about three parts of acid and one fl 
water. Diluted nitric acid has been long knoiq 
under the name at aqua-JoTtis. 

James. That is used, I beheve, in many a 
factures? 

Tutor. It is employed iu dying, in refining goIS 
and in medicine. 

Oiarle!. How is it obtained on tbe large scale 

Tutor. In lai^e manufactories it is prepare 
\\y distilling three parts of nitric and one of si" 
piniric acid in a glass retort * (Plate i, Fig. 1 
The retort is luted into a tube a-, which in cc 
nccled wilh the receiver r ; from this p^ssei! 
■;\!M> tube to a bottle :, with two mouths. 

Jaaies. What is the other mouth of the botft 



BTi 



I Tulor. A tube passes from it to the pneumatisl 
apparatus. The oitric acid comes over, and ta 
condensed in the receiver, while the common 
air of the vesaels, and a quantity of oxygen gas, 
which ie evolved in the business, passes to the 
pneumatic apparatus, and the water in the bot- 
tte 2 is impregnated with some of the acid that 
is. not condensed in the receiver, 

Cliarh), By the definition, this acid is incomi 
buatible. 

Tutor. True: but it is readily decom_ 
jvhen made hot; and, if poured upon sul phut 
or phosphorus, it sets them on fire. It inflame 
charcoal also, provided it be dry and minute! 
divided, and likewise the essential oils with coi 
biderable violence. In this glass is some oi 
turpentine, on which 1 will pour a little n 
acid, but, to save my eyes from injury, I sha 
tie the phial, which contains the acid, to tbe e 
of a stick five or six feet long, by which mea 
1 can mix the two liquids without being nea 
them- 

James, How is this violent inflommatior 
Counted for ? 

Tnlnr. It is occasioned by a decompositia 
both of the acid and the oil ; the oxygen of tt 
acid unites with the two principles of which tb 
fill is composed, thz. the carbon and hydrogep 
while it gives out a large quantity of caloric. 

This acid is capable of reducing almost all t 

jmetaJa to the stale of oxydes ; it will even i 

r J^oiezjac, bismuth, and tin, if poute4 ou \ixi 



in u stnte of fasion ; aoil iron filings alto, if th^ 
are perfectly dry. 1 wiJl pour some strong ni- 
tric acid on these iron 6ling3. 

C/iarlea. What causes the great heat and red 
fumes that are produced ? 

Tutor. The acid is partly decomposed ; thi 
ovy^n combines with the metal, ^ying out a6 
loric at the same time, and the red fumes are nl' 
trie gas ; the redness depends on its combiniD| 
with the oxygen of (he atmosphere, for, if thi 
gOd were received in a glass under water, H 
would be perfeclly colourless. 

CSiarlet. Is the redness a proof that an acid if 
fcmed? 

!Ptttor. It is, as may be shown by the follow 
ing espciiment. I have pasted a slip of litmu: 
|iq>er on the side of this glass jar ; and into th] 
jw, filled with water, 1 will send nitrous gasM 
displace the waterbelow the level of the papef 
Ttre colour of the litmus will remain unchanged^ 
hvt, as soon as I throw up a portion of oxygea 
gas. or even of atmospheric air, it ivill change tA 
reA, which is a proof that an arid has beei 
formed. 

James, Does the nilrie acid combine with 
W«tar? 

3Uor. Yea, in any proporlion ; and, during 
Ibe combination, caloric is given out. If, how- 
ever, snow be used instead of water, a contrary 
eSect will be produced, tor in this case caloric 
wiQ be absorbed, Iffour parts of light snow be 
anted with one of nitric acid, a de%v^& q^*:.OA 
1* 
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inuch below the freezing point will be proda- 
ped. 

Charles. How do you account for this ? 

Tutor. It is owing to the great affinity that 
the acid has for water, which forces the snow to 
draw from neighbouring bodies the caloric that 
it stands in need of before it can become liquid. 

James. Poes this acid combine with the alka- 
lies, earths, and metallic oxydes ? 

Tutor. It does, and the compounds are called 
nitrates; thus we havq the nitrate of potass, ba- 
irytes, silver, &c. 

OiarUs, Does xnivous acid differ from nitric 
ipici^, only ^ it contains a smaller quantity of 
p^ygen? 

Tutor. No : xAirous acid is a compound of 
nitnc acid and nitrous gas.* The properties of 
this acid are similar to those which we have der 
scribed as belonging to the nitric acid. It com- 
][)ines with the alkalies and earths, forming salts 
called miintes ; but of these little is at present 
known. 

James. Is there nothing peculiar belonging to 
the nitrous acid ? 

Tvior^ The colour of it depends on its 
strength. Water, impregnated with this acid, 
in a state of vapour, becomes first blue, then 
green, and lastly j^ellow. This acid, or nitric 
acid combined with nitrous gas, is chiefly used 
in the manufactures, and by chemists in their 
fxperiipents. 

* See vpl i. Conversation xr. 
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Of the Muriatic Acid. 

TUTOR. The muriatic acid exists in great 
abuodance in the natural state^. united to differ- 
ent bases, particularly to soda, lime, and mag* 
nesia. 

Charles. How is it obtained ? 

Tutor* Although the base of this acid is not 
known, the s^cid itself is easily obtained from 
sea salt, which, from the circumstance of its 
containing a large portion of muriatic acid, is de- 
nominated muriate of soda. 

James. Is the muriatic acid in the form of gas, 
or a liquid ? 

Tutor. The purest acid exists in the state of 
gas, which, 'combined with water, is the liquid 
muriatic acid, and in this state it is usually em^ 
ployed. The gas is obtained by putting two 
parts of muriate of soda, (common salt,) tho- 
roughly dried, into a bottle c (Plate i. Fig. 8.) 
and introducing, by means of the vessel a, some 
(^oacentrat^d sulphuric acid into the bottle. 





Q CHEMI8TKV. 

C%aTlea. la b a. stop-cock ? 

Tulor. Yes : and this la a neat contrlrai 
to prevent the gaa, whichisof a very suffocating 
nature, from spreading over the room. In the 
part a the acid is enclosed ; and, when it is lilted 
into f, and the bent tube is introduced throue;h 
the mercurial trough under a receiver, the stop- 
cock b is turned, and the muriatic acid gus comes 
over in great quantities. 

James. What are the properties of this acid 
in a state of gas ? 

Tuior. Besides its pungency, already noticed, 
when brought into contact with common air, it 
occasions a white cload ; it extinguishes a light- 
ed candle, but before the flame goes out, it as- 
sumes a greenish Ime ; and a white vapour sur- 
rounds the extinguished wick ; it melts ice like 
a red-hot coal ; it is rapidly absorbed by water, 
and, in this state, when exposed to the air, it gires 
out wliite fumes. 

Jatnei. What is the cause of these fumes ? 

Tutor. It is a combination of the giis with the 
moisture of the atmosphere. 

CharlM. Is its affinity for water the cause of 
its melting ice and snow ? 

Tutor, It is. This acid unites readily witT^ 
the alkalies, and with most of the earths and me- 
tallic oxydes, forming with them salts called mti- 
riaUs ; thus we have, besides the mariate of soda, 
the muriates ofpotass, ammonia, faarytea, time, &c. 
AeiaaQ tjuantity of this acid, poured into aso- 
^ioa of nitrate of silver, wbic'ti "» » asAu.'twcuj'i 
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^Hrer in oitric acid, wilt occaiion a copious pre-^l 

^ipitation. ■ 

Cluirlei. What is the precipitate ? V 

Tutor. The muriatic acid seizes on the silfer^a 

:int) forms a muriate ofsilrer, which is the pra-X 

iripitate. It readily diaaolFea iron and zinc, andt4 

iiiththe assistance of heat, it disaolFee the other] 

metallic substances. This acid may be made to'1 

combine with oxygen ; and, according to the I 

quantity absorbed, it is either called oxypuriatic I 

or byperoxy muriatic acid. *J 

I Jamet. Why is this name given to it, instead J 

of nsiDg the term muriatouj for the lower andV 

muriatic for the higher degree of oxygenation 1 1 

Tvtor. Because it differs, in its properties,'] 

1 ery materially from the other acids. Instead on| 

liucOming, like them, more dense and more aci^] 

:> an addition of oxygen, it is rendered on thaj 

intrary more volatile, more pungent, but lesfV 

i.'u), and less absorbable by water. This is thav 

. Liise uf the difference in the nomenclature. But, J 

- we shall soon see, these names have given I 

.>.LV to another, viz. chlorine. I 

Jnmei. What ore the properties of the acidfl 

.1 this state ? ■ 

'PiUor. In a state of gas it Is very suffocating J 

lud cannot be breathed without danger, and eviil 

litut injury to the heullh ; it will, however, sup-] 

[•urt combustion ; it dischai^ea vegetable colours J 

and is, on tliat account, much used in bleaching.l 

Charlti. Does it unite with the alkalies aiu 



wTutor, In the state of hypcroxyge nation, i 
EombineB with different bases, forming with theeqj 
satla called hype roxygeni zed imiriates, PhosJ 
phorua plunged into it immediately ihllames ; 
also does melted sulphur, and charcoal, when ' 
duced to fine powder and made pretty hot, fail 
It oxj'dizes al! metals, and these, when reduca 
to Ihin leaves, it will inflame. 

Janes. Will gold leaf burn by being introdu* 
ced into this gas ? 

Tulor. It will, and so will fine copper fo 
and, as the metal combines with the oxygen, i 
acid dissolFSS il, and acquires a green coloUl 
Arsenic burns in osymuriatic gas, with a blue an 
green flame ; bismuth, with a lively bluish flame 
nickel with a white flame, bordering on yellowt 
cobalt, with a white flame, approaching to blue' 
zinc with a lively white flame ; tin, with a fei! 
ble bluish flame ; lead, with a sparkling wtut 
flame ; copper and iron, with a red flame. Se 
veral of the metallic sulphnrets, as the stilphure 
of mercury, or cinnabar, and the sulphuret t 
antimony, take fire when thrown in the state tl 
powder into this gas. 

OiarUs. For what is the oKymuriatic aci 

7\iior, It is used in bleaching cloth, wax, ol 
engravings, and paper. When two parts of rf 
trie acid and one of muriatic acid are mixed tO 
);ether, tlie compound has precisely the qualitic 
of the osymurintic acid ; this mixture was fo^^ 
^nerly called agua-regia from its property of di 
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^^Hnog gold, which no other ncid will ; but it iH 

^B^m deaominated nitro'inurialic acid. I 

r Jamis. How is Ihia acid obtained ? fl 

I T^for. It WBsatlirat procured by diattlliug ttMfl 

I iBuriatic acid from the osyde of manganese, inJ 

Woulfe's apparatus. But it is now obtoined, ajfl 

aa easier rate, IVom common salt. M 

CtutrUs. What do jou mean by Woulfe's appa-fl 

Iratua ? M 

Tutor. In many instances, a substance raised^ 
by distiliatioQ is partly a condensable liquid anal 
partly a gas, which is not condensed till it iafl 
bronght into contact with waler. To effect this fl 
■■■uble purpose, a series of receivers, termed fl 
* (lolfe's apparatus, from the inventor, is em- || 
I'Luyed.— See Plate n,Fig. 9. The first receiv- 1 
. I er, 6, has a right angled glass tube, open atbothfl 
. I ends, fixed into its tubulure ; and the other end I 
. I of the tube is made to terminate beneath the sur-4 
. r ''^e of the distilled water contained in the three- V 
rjEi-cked bottle e. From another neck ofthis hot- I 
i' a second pipe proceeds, which ends under the I 

■ .Her in the second bottle d. To the central I 
-eck. a straight tube, open at both ends, is tixed, I 
-<j that the lower end may be a little beneath the I 
-urface of the liquid ; this is a safety pipe. I 

■famtt. Are the materials to be distilled iniro- fl 

■ iced into the retort a ? M 

Tutor. Yes ; and, when heat is applied, the ■ 
uJensable vapour collects in a liqnid form in M 
"e balloon b, while the gaa passes through th&J 
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bent tobe into the water in c, which continnej^. 
to absorb it till saturated. ' . 

Charles. . What win becooie oftherestwheir 
the water of the first bottle citn absorb no 'more f 

TWor. The gas, in thi^ caseV passes nncon- 
densed throngh tbe'Secondlxii^t oi^ed tube into 
the water o(S^ second bottle,^ whicht in its tnrnp 
becomes saturated ; after this, the gas maybe 
conducted to other, bottles, in tmj number^ or 
may be suffered to go oiBt thr^t^ .the tube. 
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Of C%lorine, Euchlorine, avid the Compound. 

CHARLES. You said, yesterday, that the 
name of oxymuriatic acid had given way to ano- 
ther term, did you mean that the denomination 
chlorine was substituted for it ? 

Tutor. I did : for, according to Sir Humphrey 
Davy's hypothesis, founded on , experiments, 
which are admitted as accurate by all chemists, 
oxymuriatic acid is considered as a simple body, 
which contains no oxygen. 

James. If this be the case, then, indeed, the 
old name oxymuriatic acid must be improper ; 
chlorine then, I suppose, is a word to denote a 
newly discovered elementary substance, 

Tkitor. Just so. It is taken from the Greek 
X^^M9 signifying green, on account of its 
yellowish green colour. 

Charles. What proof is there that chlorine is 
sOt elementary body ?. 

VOL. II. 2 
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Tutor. It was discovered, so long ago as the 
year 1774, by Scheele, who immediately regard- 
ed it as an undecompounded body ; but he rather 
assumed the fact than attempted to give a r^u- 
lar proof of it. 

Jatrui. Did not its former name, oxymuriatie 
acid, lead to the conclusion that it was muriatic 
acid combined with oxygen ? 

Tutor. Certainly : and such was the theory of 
the great French chemists, especially Lavoisier 
and Berthollet. But tl^s idea is generally aban- 
doned : there are, however, chemists still in 
that country, in this, and in others, who main- 
tain, that it is a compound of oxygen and an un- 
known body, which they call dry muriatic acid. 

Charles. Is not the theory even yet settled ? 

Tutor. No : Sir Humphrey Davy, in his Ele- 
ments of Chemical Philosophy ^ says, '' the weight 
of chlorine, its absorbability by water, its colour, 
and the analogy of some of its combinations to 
bodies known to contain oxygen, are arguments 
in favour of its being a compound ; and it is pos- 
sible, that oxygen may be one of its elements, or 
that oxygen and chlorine are similarly constitut- 
ed. I have made a number of experiments with 
the hopes of detecting oxygen iti it, but without 
success : none of its compounds with inflammable 
bodies^ or metals ,.^111 afford this principle ; char- 
coal, intensely ignited in it, undergoes no change, 
nor is it altered by the strongest powers of elec- 
tricity. Should oxygen iever be procured from 
it, some other form of matter, possibly a new one^ 



or CftLORINE.&LC. iQ 

^^ he same time be discoveretl, as i 

mto its constitution ; anJ, (ill it is decompi 
it must be regarded, according to the just loj 
of Chemistry, as an elementary sutsta nee." 

James. Are there any simple and clear 
periments that go to settle the matter ? 

Tttlor. The most decisive fact io support' 
the new doctrine, that is, of chlorine beiag 
elementary suhstance, is, that, if hydrogen 
and osymtinatic aciil gas, or chlorine, be mil 
together, both gases disappear, and mariatic 
gas is formed. 

Charlet. Then, if I understand the theory, 
hydrogen and oxygen go to the formation of wa- 
ter, so hydrogen and chlorine go to the forma- 
tion of mariatic acid. 

!7'u/or. Just so : hence, if oxygen be esteem' 
ed elementary, so also may chlorine. 

James. The argument seems quite decisive. 

TWar. There are some things that appear to 
go against the doctrine ; thus, muriatic acid gas. 
in its dryeet state, always contains a certain 
quantity of water ; ibis being the CHse, the water 
ii> applied by the union of the hydrogen gas with 
the oxygen of the chlorine, aud the compound 
resolves itself into the base of the muriatic acid. 
mod water ; that is, muriatic acid gas. 

Charles. Did you not say yesterday, the oxy- 
mnriatic acid gas was obtained from a mixture of 
muriatic acid and the oxyde of manganese ? 

Tutor. 1 did ; hut, by the new theory, this 
Hfet is easily accounted for. The D\MTVB.V\i^-a.6.& 
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\s decomposed ; il5 hydrogen unites with the o 
gen of the mangaiipse to fomi iviiter, add 
chlorine appears in its separalc stale. 

James. Has tbh substance, chlorine, i 
been found in a state of purity, in nature 7 

Tutor. No ; but it csists in many campouDJ 
particularly in common culinary snJt. 

Charles. Supposing chloriuc ;i simple 
stance, bow do you account for its diacharj^ 
colours from vegetable substances, as you □ 
tioned yesterday ? 

Tutor. M. Bertbollet assumed, that chlorii 
destroyed colours by parting with its osygen H 
but, by the new theory, the oxygen is dei'ivj 
from the water by a double aflinily ; thut of ] 
drogenfor chlorioe, and of the colounu; 
for oxygen. 

Jamft. 1 think I have beard of old prints ^ 
ing cleaned by the oxymuriiitic acid gas. 

Tutor. This is accounted for in the same mail 
ner. The unpnuted parts will be cleaned by 
but upon the printed parts it wilt have no ei 
because the printers' ink. consisting of oil 
lampblack, is not acted upon by the iicids. 

Charlts. Cnn chlorine be obtained from c 
. substances than those which you have meulio 

Tttior. Yes: mix eight ouQces of muriiil 
goda, that is, common salt, with three ounces i 
powdered manganese, and put them into a tubiN ' - 
litled retort, and pour on the materials dilute aul- 
pfiaric iicid ; and, when they ha\c become cool, 
^^iertUJalJoa, ageiide beat'ts to \>e. Ek^^ti^^u^ 
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gas niil be produced. Do you recollect thi 
properties of this g-.is ? 

Jarnes. Yes, 1 think I do : it has a yellowin 
exeen colour, which su^csted tlie name chlorioeil 
It has a pungent and sufTocating smell : it J! ' 
tier than common air : it de^^troys all vegetabb 
rolours ; and it i^ readily absorbable by water. ■ 

TtUot. When a receiver, filled with Ihia ga» 
IS surrounded with anow. or pounded ice, tlM 
^as forms on its inner surface a solid concretioq, 
of a yellowish colour, resembling, in its r 
cations, the ice ivhich is deposited on thi 
face of windows during a frofity night. By i 
Tioderate increase of heat this crust melts into j 
. rllowish oily liquid, which, by a farther elev« 
;ioD of temperature, passes into a state of gas. 

Charlei. Can chlorine be made readily to coE 
bioe vitb other substances ? 

Tutor, It may ; and the compounds, in moi 
cases, possess reniarkable properties. The salt 
which are called hype rosy muriates, and oxymtt 
riates) are compounds of metulhc bodies wit 
dllorine and oxygen. The oxygen is held i 
tbero by a very weak attraction, and therefon 
readily given off to colouring or inflammabl 
mtters. 

Jamei. What do you mean by hypcroxymuri* 
tintl 

Tutor. There are several of them, as the Iiy 
penxymariate of potass, soda, ammonia, jSlc. i" 
oTirluch have separate and diiferent properties 

Utarles. How arc Ihcy obtained? 



Tutor. As an instance, we may take the fay* 
peroxy muriate of potass, which is formed 
passing oxjmuriatic acid gas, as it proceeds 
the mixture of muriate of soda, or commoo aai] 
gulphuric acid, and man^nese, tbroiigb a sok 
tioQ ofcauhtic pota^g. The solution, v/heu ai 
turated with gas, may be gently evaporated, ao 
the first products of crystals are to be rexerve 
for use. 

James. What properties attach to this Ball ? 

Tutor. H has several curious ones. The fft 
lowing experiments, mentioned by Dr. Henr^ 
may be made with it ; but they should nut be ui 
ilertaken but by experienced hands. 

Experiment I. Put two grains in powder in 
mortar, aad add one grain of sulphur. Mix thai 
very accurately, by gentle triture. and then, tu 
ving collected the mixture lo one part of tb 
mortar, press the pestle upon it suddenly and foi 
cibly : a loud detonation will ensue. 

Es. 2. If the mised ingredients be wrappt 
in some strong paper, and then struck with 
hammer, a still louder report will be produced. 

Ex, 3. If live grains of this salt be mixed wi"" 
half the quantity of powdered charcoal, in a i 
milai' manner, and the mixture be strongly trit 
rated, it will inilame, but with little noise. 

Es. i. Mix a small quantity of sugar with h. 

its weight of the sah ; and on the mixture pp 

a very little strong sulphuric acid ; auc an i 

^il^lancous and vehement inflammatiun 

^ffifce-CaJ A fliixtureoflhis kitvi is toft W»,\» 



! iDclined to the yellow. A very gentb 
hettt cHuses this gns to explode ; iind, id tbi^ 
action, the elements are Geparated wilt 
violence, and nith Home light. 

Jamfi. Do you cull this a decompositioD ? 

Tutor. Certainly: and the facihty with whicU 
thia is done renders it very dilTicnlt to ascertai' 
the action of combuatible bodies upon it. "" 
metals, which act upon chlorine, will not t 
upon thiij at common temperatures ; but, whei 
the oxygen is separated, then they inflame ia.] 
the chlorine, of which the followiDg experitneotf 
will be an exemplili cation : — 

Experiment. Let a little gold leaf he ii 
troduced into a bottle filled with ciichlorine, 
will undergo no change : hut, if a heated gla 
tube be applied to the gas in the neck of the 
bottle, a decomposition takes place, and the 
oxygen and chlorine will be detached from each 
other i Biid, Ht the same moment, the leaf nill 
indame and burn with great brilliancy. 

CliarUn. Do chlorine and oxygen combine 
in any other proportions than those which form. 
euchlorine ? 

Tutor. They do, and form a compound, 
containing a larger proportion of oxygen than 
euchlorine. Ttiis compound is obtained by 
mixing with 6fty or sixty grains of the powder-. 
ed by peroxy muriate of potass a small quantity 
of sulphuric acid. When well incorporated, it 
solid mass will result, of a bright orange colour. 
This is to be introduced into a scaall glass re- 



^R which is to be exposeJ lo the beat of wa-B 
IVgradaally warmed, but not brought to thej 
boiling point. The gns may be received ovefl 
mercury, on which it has no uction at commoaa 
temperatures. % 

James. In what does it differ from euchlo-J 
fine? ■ 

7'ii(or. I( has a much more brilhant coIoufI 
than euchlorine : it is much more rapid); ab-a 
rarbed by water ; and has a peculiar aiomatiM 
■mell, not at a1) hke the smelt of chloriae. *■ 

CImtUs. Can chlorine and nitrogeo be unitedn 

Tutor. Not immediately ; but a compounJa 
or these gases may be formed by passing the! 
chlorine through a solution of nitrate of am-a 
monia. The gas is rapidly absorbed, and zm 
iilm appears on the surface, which soon coUl 
'lis into yellowish drops, that sink to tha 

"I'.om of the hquor. This yellowish and oiln 
fluid is the most powerfully detonating con^l 
id that is known. '1 

Does it esplode of itself? ^ 

When gently warmed, it cxplodew 
sach violence, that it would be extremeln 
iuigerous to use a quantity of it larger thana 
that of a grain of mustard seed. M. DulongJ 
>bIm> discovered this gas, was severely woundeg 
m^ . And Sir Humphrey Davy had a vei^jj 
Bms injury done to his eyes in repeating 
^■jnperiment. {■ 

^JlBBtf^'** ^""^^ Beeeaaary for the Biplmiionja 
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Tutor. Not in all cases : if a globule of 
'fluid be thrown into olive oil, turpentine, 
ttaphtba, it explodes without heat, and so vio- 
lently AS to shatter the glass vessel in which it 
takes place. 

James. Is it known of ivhat proportions this 
compound consists ? 

Tutor. These are not exactly known ; but, 
from the esperiments of Sic Humphrey Davy, 
he concludes it consists of about ninety-one rf 
chlorine and nine of nitrogen. 

Charles. Have chlorine and hydrogen any 
action upon one another ? 

Tutor. Yes, they have, A mixture oft! 
two gases, in equal volumes, is slowly absoi*' 
under common circumstances ; but, if the dj 
rays of the sun be thrown upon the mixtoi 
the two gases diminish with considerable i 
pidity ; and, if the quantity of the two gases be 
large, they even exploile, which, Kays Dr. Hen- 
ry, " is a striking instance of the agency of light 
in promoting chemical combination." 

James. Will bodies burn in chlorine gas b> 
they do in oxygen gas ? 

Tutor. Potassium, heated in chlorine gas, 
burns more vividly tlian in osyu;en ; and in the 
combustion there is an absorption of more than 
an inch of gas to the grain of metal. 

Charles. What U the result of tliis combas- 

m? 
'.Tii/ar. ft is a neutral compound resembling 

' results &onk heaUng ^oUaevam v 
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'iatic acid gne. Sodium bums in chlotioc with 
icnilar appearances. 

When either of these new metals, (potassiam 
ir sodium,) hariug been previously mnde to ab- 
orb a certaiD quantity of oxygen, is heated in 
;hlorine gas, the tatter disappears, and oxygen 
pa, precisely equivalent to what had been con- 
leneed, is liberated. 

Jamet. But is it certain that the oxygen does 
lot proceed from the chlorine ? 

Tutor, As the oxygen is always evolved in 
luantities proportional precisely to what was 
aken up, however variable the quantity of the 
:hIorine, Sir Humphrey Davy considers this us 
)roving, that OJtygen does not proceed ti'om the 
Morine, but the oxyde ; and that chlorine is a 
ijmple body, which attracts the metals in ques- 
ion more strongly than oxygen attracts (hem. 

Charles. Does if act a similar part with re- 
[ard to other oxydes. 

Tutor. Yes, oxygen may be expelled in the 
lame way from barjtes, strontites, and lime ; 
fhich, you know, are now all found to be 
jxydes. 

A mixture of equal volumes of chlorine and 
»rboaic oxyde gases, dried by means of fused 
auriate of lime, and exposed to the direct and 
itroDg rays of the sun, affords a compound call- 
id phosgene gas, which is one of the heaviest 
pisea known, and has an intolerably pungent 
idonr. This gas is decompol^e& 'b'^ ftife Mie.\A'«, 
ivhich unite wHb (he chlorine, w\v\\ft a.\oVaa«i 
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of the corbouic oxyde a libemted, e(]unl to tbi 
bulk of tlie originul gns. It coDdeu^es fiiu| 
times its volume of ammoniucftl gas, and ^ 
product is a white neutral salt. 

Jamen. Does ciilorine combine with siilphun 
Tvtor. It does ; and the result is an oKytnuri- 
ate of sulphur, in n fluid state, which is volatile 
at a heat below that of boiling water. It emit! 
fumes, which are extremely acrid, and which ex- 
cite a copious flow of tears. This substance Sat 
composes water ; of which the hydrogen forms 
with chlorine, muriatic acid, while the sulphac 
with the oxygen of the water, composes sulphurii 
acid. 

Ckarks. Has chlorine any action upon the oh 
metals, as well as upon the newly discovere< 

Tutor. Almost all the metals, in a state of mi' 
nute division, such as gold and Mlver leaf, take 
fire spontaneously and burn in this. Iron, zinc 
copper, &c., mutit, to be enflamed, be reduced ti 
the state of extremely fine fiUn^s. The combos 
tion of the metals in the chlorine gas is thus de 
scribed by Dr. Henry ; — 

" Metallic antimony burns with a very brilliant 
white flame, and throws out sparks. Arsenic I 
exhibits a fine green or blue flame, attended with 1 
sparks and a dense white smoke. Bismuth gives 
out a bluish flame. Nickel a yellowish white 
one. Zinc a white flame, and sparks. Tin a 
Unish white light. Lead % clear white flame. | 
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Copper a red and slowly spreading light ; and iron 
a bright red light. In all these experiments, the 
temperature- of the gas should not he so low 
as 70°." 
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CONVERSATION IV. 



Of the CombvitibU Acids.— Of the Acetic, Bemoi 
Succinic, Camphoric, and Oxalic Acids. 



TUTOR. The next class of acids are calla^ 
comiwriiii*,- they were formerly denominated v_ 
getable and animal acids, because they are aimoa^ 
all procured from the animal and vegetable king- 

Jamts. Do they differ much from the others * 

Tutor. They all contain at least two simple'^ 
combustibles ; whereas Uie others only c( 
one. 

Ckarlci. What are these two substances ' 

Tailor. Carbon and hydrogen; some ofthei 
contain hkewise azote, or nitrogen. 

James. Do they possess no oxygen ? 

Tutor. Some of them contain a consiHeraU 
quantity, but others are destitute of it allogetbet 

CAarUs, Are they named according to the pM 
P^etiea ofox-ygea which Uwj coa\M&1 
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Tutor. As none of them are saturated with 
oxygen, the terminations of ic and oils are not 
used to indicate the proportion of oxygen which 
they contain. On that account Dr. Thomson 
makes them all terminate in iCy as acetic, ben- 
zoic acid, &c. 

James. I think I have heard of acetous acid. 

Tutor. Chemists still make the distinction, with 
regard to this particular acid. They are divided 
by Dr. Thomson into four classes, or orders. 

Charles. How are they distinguished ? 

Tutor. The Jirst class are crystaUizable and 
rolatilizable : these are, 



1. Acetic 

2. Benzoic 

3. Saccinic 

4. Camphoric 



Carbon, 
compounded 1 Hydrogen, 
of I and 

Oxygen. 



The second class are crystaUizable but notvo- 
latilizable ; these are, 



1. Oxalic 
22. Mellitic 

3. Tartaric 

4. Citric 

5. Sebacic 

6. Saclactic 
7« Laccic 



compounded 
of 1 



Carbon,. 
Hydrogen, 

and 
Oxygen. 



The third class are not crystaUizable ; these are, 



1. Malic 

2. Lactic 
3» Suberic 



J J ( Carbon, 
compounded > (jyj^^„,^„j 

( Osygftav 



The fotifth class arc called anomalous, fiz. 
,0,1,1, 1 rCrboo.VJrog™, 



tyarogen 



Si ilplmr, liydniSP n , 



Jamti. I see the component parts of all the acidi 
in the three first classes are the same ; what thei 
makes the difference between them ? 

Tutor. That depends on the severnl propon 
lions ofthe same ingredients. We shall noB 
scrihe the acetic acid, as the most importani 
useful of tliis cluss of acids. 

Charlts. Ifl not that distilled vineE;ar ? 

Tutor. This acid is employed in three differ^ 
cnt stntos : tbe^rsf is simple vinegar ; the le 
is that purified by distillation, called either distill- 
ed vinegar, of, by chemists, acetous acid ; and, 
wh en it is concentrated as much aa possible, ' 

'Red radical vinegar, or acetic acid. 

ktmei. 1 think 1 have seen wine and heel 
(ed in the garden, from which vinegar viaa 

Biuced. 

, It may be obtained by exposing to th( 
a atmosphere any fermented liquor, ll re* 
">• however, hot weathert !>s well as the goqt 

* access of the atmosphere. 

TBrfji. Does it imbibe the oxygen from th« 

P*f. That is undoubtedly the principle ol 
^ W this case. Vinegar thus olitained iq 



lilt' fi'Oin Lieing pure ; but, being dj^itilled. Ilia 
impurities arc leJl beltind, und the product ia 
colourless as water. In this state it is the acetou$ 
ucid of the shops. 

OiarUa. How are (he fluidis dislilled ? 

Tutor. Distilhitioa on a large scale is per- 
lurmed in an apparatus exhibited iu Fig. 10. 
i^ the body of the still, which, when large 
enough to require it, is set in brick work ; lltt 
lire is applied underneath, b is tbc head of thi 
still, provided with an iiperture z, to let ofFsU- 
perduDus vapours ; b Is designed for the purpose 
of supplying the still ivilh fluid t is called the re- 
frigeratory, ur condensing tub, filled with' cold 
water, and its worm ia represented by dotted 
lines. D is a vessel to receive the distilled fluids 
I'^L^sins; through the worm. Fig. 11 is a coppi 
.'■^!!el fordistilling in a water bath. It (its in 
lie tnouthof the still, and the same head servi 

iw iij it obtained in that state irt- 
b it is denomiutited acetic acid ? 

When exposed to the frost a part of 

3 ; this consists almost wholly of water*. 

ib^sy tlien be easily separated ; the restia. 

a high degree of concentration. 

WUl the acid freeze ? 

, Not by any frost th^t we had ; bnl by 

gAt, by arliliciul means, to h temperature 

Wt 50" below Itie freezing point; it ci-yslal- 

aict!. 
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/atn«i- Does this ncid unite irilh UiG alkalla 
earths, and osyrfes ? 

Tutor. Il docs, anil (hf com|>niind« :ire c; 
acetates. Id this stale it iti very piiugent ; 
if applied la the skin, it redileo!) and corrodeE 
tliart time. 

Charlti. Dogs it act upon the metals '! 
Tutor. Yc!^ : it is capable of oxydizing Irafl 
Bloc, copper he. ; but seTeral of the othere, wT 
gold, silver, platioa, and mercury are not afiTegi 
ed by i(. When distilled with alcohol, i 
U) acetic ether. 

Janus. What is the benzoic acid '! 
Tutor. It is a very tine, light, and whitu 
powder, obtained from benzoin, a resin i 
used in pharmacy. It combines with alkalied 
earths, and metallic oiydes, and tlie compound 
pre benzoates- 

Outrlts. Are the flotrers of benzoin, which^ 
are a very white, shining and silky sort of ponder, 
the same thing as benzoic acid. 

Tutor. They are, and may he obtained from 
resia by expo!<ing it, in a crucible, to a gentlai 
and covering the crucible with a i 

; the acid will sublime and be attached ti 

wpor. 

JitirUa. Does it dissolve in water ? 

WTutor. It does in boiling water, and iilso in 

in the latter case, by the additioD 

titer, ll is In^tanlly precipitated from the spiritJ 

Wjamt), What is succinic acid ? 
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Tvlor. It is obtained from amber, and it de- 

I rivea its name from saecimim, the Latin word for 

I that substance. The succinic acid takes the form 

of crystaJs, white, shining, and traosparent ; they 

have an acid taste, and redden the lioctui'e of 

liimsole. 

James. Are these crystals soluble in water ? 

Tutor. In boiling water and alcohol they may 

be dissolved, but as the liquids cool the crystals 

(hoot out again. The compounds resulting from 

this acid, with the alkalies, earths, and metallic 

m Diydes, are called succinates. 

^^^^larleg. Are any of these compounds of much 

^^^^pUor. The most important is the succinate 

H^PEnmonia. This .s;ilt decomposes ull the ^olu* 

1 ttons of iron, and nH'oi'd? au insoluble precipitale, 

which ia useful in the nnalyais of mineral wuten. 

Charles. The camphoric acid ia, you lold w 

liefore, in the shape of crystals. 

Tttlor. They are in the form of parallcio pipe- 
dons, but of so delicate a texture that they ef- 
llorescein the air. These are of a slightly acid 
lasle, and they redden vegetable colours, 
Jamta. How is this acid obtained ? 
Tvtor. BydiBliilin^ciimphor with nJlric acid. 
It forms campborates with alkalies, earths, 
t;tWJ metallic oxydes. 
^■^or/M. What is the oxalic acid ! 

is found in the juice of sorrel, oxalia 
W(i/a, and from thence it derives its nanie 
I it ie obtained in quantities from 6i\t^&T . 
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CkfiTles. By what means ? 

Tutor. It requires the addition of nitric acid, 
which causes an eflervesceoce. Nitrous gas ilie« 
off. the oxygen combines with the sugar and 
fonog crystals, nhichbaA'e the following charac- 
teristics ; they have a strong acid taste, and act 
on vegetable colours ; they dissolve in twice 
theirwelght of water ; and they effloresce in the 
air. ' 

James. Do the alkalies, earths, and osydi 
combine with the oxahc acid ? 

Tutor. Yes : and the compounds are cnliejl 
oxalates. \ 

Charles. Does this acid act upon the metals %i 

Tutor. It is capable of oxydizing lead, 
copper, iron, and the semi-metals ; but it has n< 
efTect on gold, silver, platina, or mercury. Th< 
attraction which it has for iron causes it to he 

imployed in taking ink spots from hnen, It is al- 
^.much used by calico printers ; and it -detitcls 
lost readily the existence of Ume held in sulu- 
^(/amei. How is that done t 
L Tutor. A little of the pure acid, or of the so- 
^on of oxalate of ammonia, is dropt into the 
iquid supposed to contain lime ; and, if there be 
any, a white powder is immediately precipitated. 
We shall proceed with the remaining acida to- 
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CONVERSATION V. 



Of the Mellitic, Tartaric^ Citric, Sebacic, Sac- 
lactic^ Laccic, Malic, Lactic, Suberic, Gallic, 
and Prussic Acids. 

TUTOR. Mellitic acid is not derived from 
honey, as you would imagine by the name ; but 
from mellite, or honey-stone, a mineral found in 
some parts of Germany. 

Qiarles. How is the acid obtained ? 

Tutor. By reducing the mineral to powder, 
and boiling it in water : the acid combines with 
the water, which, being evaporated, fine crys- 
tals are formed in the shape of needles. The 
compounds resulting from this acid, with earths, 
alkalies, and metallic oxydes, are called mellates. 

James. What is tartaric acid ? 

TiUwr. It is obtained from the common cream 
of tartar, as it is called : this is procured from 
casks in which wine has been kept. This acid 
is found in the form of crystals, which readily 
dissolve in water. 

Charles, Is it capable of oxydizing tlv^ \30i^\'A"5v\ 
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Tutor. It act3 upon iron, zinc, and even mer- 
cary ; but not upon the liner metals, nor upon 
the semi-metals. It combines with the alkalies, 
earths, and metalhc oxides, forming with them 
salts, called tartratei. This acid is scarcely 
used : butsome of the compounds are employed 
in medicine. 

Citric acid, as its name denotes, is obtained 
from the juice of lemons and oranges. It crys- 
tallizes in beautiful prisms, is extremely acid, 
and very soluble in water. 

James. Will it combine nilh the alkalies ? 

TSttor. Tea : and also with the earths and me- 
tallic oxydes, forming salts, denominated citrates. 

Charles. This acid is much used, I believe, in 
domestic concerns. 

Tatar. It is : and also in medicine, being the 
base of what are called saline draughts. It has 
been asserted, that the largest dose of laudanum 
may be checked in its narcotic effects, if a pro- , 
per quantity of citric acid be taken with it ; and 
that, in these circumstances, it excites cheerful- ' 
ness, succeeded by refreshing sleep, instead of 
stupefaction. 

James. What is meant by sebacic acid ? 

Tutor. The word is derived from sebum, the 
Latin word for fat ; and sebacic acid is the acid 
obtained from fat, or suet. 

Charles, I should not have supposed that fat 
contained any thing like an acid. 

Tutor. The fact is, however, certain : this 
acid hus scarcely any smell and but little taste. 



BACLlcnc AND LACCIC ACIDS. 

reddens the tiocture of turnsole. Whcn^ 
t melts like tallow ; it U soluble ii 
ter, particularly in hot water. 
James. Does it everoppear in crystals? 
Tutor, il may be obtaineil in tbnt state, and^l 
by proper precauti OUR, in lat^ and very briKj 
liant plates. This acid combines with the alka>l 
lies, earths, and oxydes, apd forms with thentf 
salts, called sebalef. 

Another acid mentioned by chemists is s 
lactic. 
Charles. What does that word mean ! 
Tutor. The word is compounded of sac, 
laceharum, sugar, and lac milk ; the acid there- 
fore is that obtained from the sugar that is found 
in milk. This acid is got in the form of a gritty. 
I powder, which may be crystallized : the solution 
I has an acid taste, and reddens the infusion ol 
I tamsolc. 

James. Does it combiae with the earths, alka< 

^ie;. and osydes? < 

Tutor. Yes : and the compounds are .^alta^ 

.itled saccolates, of which little is at present 

i Charles. There is also a iaccic acid ; from' 
what is that obtained ? 
Tutor. From a substance called white lac, < 
which is produced by an insect of the < 
^nus. This substance is not very unLke beeS' 
I wax. The acid obtained from it changes the' 
paper stained with turnsole to a red colour, and 
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place where it was discovered. The acid i% 
colourless liquid, like water, and does not al^^ 
the colour of vegetable blues. Having g(^ ^^ 
through the principal acids, for there are aGmna 
others which we shall not now enumerate, can 
you tell me what the properties are that charac- 
terize acid bodies ? 

Charles. They almost all have, 1. an acid 
taste ; 2. the power of converting vegetable 
blues to red ; 3. they are soluble in water ; and, 
4. they have the property of forming salts. 

Tutor. Do you recollect into what classes we 
have divided them ? 

James. Into three classes : — 1 . those that are 
formed by combustion, and which are called pro- 
ducts of combustion ; 2. the supporters of com- 
bustion ; and, 3. those that are combustible. 

Tutor. Do you know what is esteemed essen- 
tial to acidity ? 

Charles. Oxygen to the products and support- 
ers ; and it enters into the composition of almost 
all the combustible acids. 

Tutor. How many ingredients enter into the 
composition of the acids ? 

James. In the products and supporters of com- 
bustion only two, viz. the base and oxygen. Thus 
sulphuric acid is a compound of oxygen and sul- 
phur. But in the combustibles there are three 
or more, viz. oxygen, hydrogen, and carbon. 

Tutor. Of the proportional parts of these in- 
gredients in the different acids, little is known 
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except of three, which are formed by the follow*- 
ing proportions, or nearly so : — 

Acids. Oxygen. Carbon. Hydrogen. 

Acetic .... 60.19 .... 35.87 .... 11.94 
Oxalic .... 77.00 .... 13.00 .... 10.00 
Tartaric . . . 70.50 .... 18.00 .... 10.05 
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CONVERSATION VI, 



Of Iodine, and its Compounds. 

TUTOR. I have now to mention to you a new 
substance in Chemistry, which was discovered so 
lately as the year 1812 : it is denominated iodt, 
by the French, to whom we are indebted for it ; 
by the Ei^lish it is callecl wdine. 

James. Is it of ihe snme kind with potasaian 
and sodium, the newly discovered metals of Sir 
Humphrey Davy ? 

TMor. No ; it is thought to be a new simple 
supporter of combustion, capable, like oxygen, of 
combming with almost all the combustible bo- 
dies, and of forming therewith various acids and 
genera of salts, hitherto unknown ; ot course itis 
regarded as a very ioiportant addition to the sci- 
ence of Chemistry. 

C3iartes. By whom was this substance disco- 
vered ? 

TWor. By M. Coortois, a manufacturer of 
saltpetre at Paris, in lt» I'oWow'vwa, "manner ; — In 
fhe processes fai procarvng aofe. feom ftve %^«% 
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of seaweeds, he found his metallic vessels cor- 
roded ; and, in his attempt to ascertain the cause, 
he made the discovery of iodine, 

James. From whence did he derive the name 
of his new suhstance ? 

Tutor, From the violet colour of its vapour. 
Gay Lussac gave it the name ione, from the 
Greek, i«f , a violet ; but Sir Humphrey Davy, 
conceiving the term liable to ambiguity, propos- 
ed that of iodine^ from, M^mt, violet-coloured, 
which' term, either in the English or French 
form, is now generally adopted. 

Charles, It is something like the new name 
chlorine. 

Tutor, It being analogous to the terms chlo- 
rine and oxygen, the names of the other two sup- 
porters of combustion, probably led to its adop- 
tion. 

James, Did M. Courtois complete his disco- 
very by fully investigating the nature of his new 
substance ? 

Tutor, No : he had not leisure to prosecute 
the experiments for the purpose, though, at first, 
he undoubtedly meant to do so ; and, on that ac- 
coant, for a time, he concealed the discovery. 
At length, finding his manufacturing concerns 
would not allow him time for the purpose, he 
gave it up to M. Clement, who in his turn aban- 
doned it to Gay Lussac, one of the most active 
and well informed chemists of the present age. 
This gentleman speedily detenrvvxve^^ X^cvvnX, Voimt 
was a new Hudecompounded sw\>sVocav.^ -^ 'a^^^ ,^>^ 

4* 
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the month of Angust, IHI'). read, to the Nat 
al Institute, an elaborate memoir on the subjeei 

Charles. How is iodine obtained ? 

Tutor. Hanj melhods have been already de- 
scribed ; the following is very intelligible, an( 
will ansirer our end as a description : — Th( 
kelp, or other marine plant, is boiled or steep 
ed in hot water, tilt every thing soluble ii 
taken up : tliis saline hqnor is separated iron 
the insoluble portion of the kelp, by means o 
a filter, and concentrated by evaporation, til 
all the salts, which it is disposed to yield, havi 
been deposited. The residual liquor is nov 
to be mixed with a quantity of sulphuric acid 
Eul£cient to render it distinctly acid ; and tbi 
mixture, after being boiled for some time, ii 
an open vessel, is to be filtered through wool 
Mix the filtered liquid with a quantity of blaci 
ovyde of manganese, in powder, equal in weigh 
I to the sulphuric ncid originally added to it.— 
L'Put the mixture into a glass flask, and exposi 
nt to heat. A violet-coloured vapour specdib 
rflriseg, which is to be received into a glass vcs 
'Bel, in which it is condensed, and constitute 
(be iodine. 

James. In what form does it appear ? 

Tutor, la the shape of crystalline plates, hav 
ing the aspect of plumbago. 

paries. What are its principal properties ? 

Tutor. Iodine is a solid, at the common tern 
peralure of the atmosphere : it is often in scales 
"aembling (Lose of micaceous ore ; sometimei 
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in large brilliant rhomboidal plsO^-s, ztj^z * rjLh 
times these are in elongated octc:.^ -••::--. T 
colour it is of a bluish black . Ji= l^*-"* .- ••* 
tallic ; it is soft and friable, arjc r^ii i*^ ':\ 
rubbed into powder, lis ^JssTJt *• i-.r;. 
and it is so spariozlr solnbie ^l w^t*: 
more than the 7o6oth pan fjzi, >r ':uiLh\. 
that fluid. Its specific tt&v^:} :^ «.u«'.t 
times greater than th?it ci i«^<.*»*j. > -•• t 
conductor of electric;*;.'. ar«c ••---t^-"*-. 
high degree, the electricii prip*:.".**:- ..' . 
and chlorine fsee CoLTtre;%u--:/L ii- . 
being determined to u-e p'.«i--i* *»>>* v: t 
vanic arrangement. *»^'irr- c.yi»,^.z \\ -.:** . j 
it produces a vellow ••.t.i^ »ijii '.i.-.i::^;«^- • 
the iodine evaponOie:*. 

Charles. Is it rirille jJt* *-i^ iij*'.».. 

Tutor, It is f 'OS. lie <: k o*ri:'*:* v i,^.. 
little higher than io^i,| war^r ;,i.t : 
tilized at the teiDperi.t-7* :•; i.'.» •-• 
ingagas 118 lin^r* :L^:t'.^; .-ti i :- :.- ; 
When distilled w.ji -kil.*'. : ... 

the heat of b->iJi-g »ir.*.' v-: .: '#- ;.- . 
it8 affinity for fef:":^v:it wy- " ' ••• 
the vapoor. in tLx* •i-is^-^. -•* .»' ^ ••:-■ *.: 
whence, a* we L*^"^ t«*:"«ri * -<'.•.-" :- .. ,. 

JaiiU9, Have ic»i-:i.* stu: i-: xr-r: -. ^ 
open each other '! 

Tif/or. Iodi2»e 'u:*t*T^''»»f- -•- •.i>»:^;:* .• ,_ 
heated in oxjr^^ ?^ '••'* -'•*•- • ■'•<" -r 

of eachloriiie/ h aa^ >t :.iau* ::i«?s r?*.; .. 



CHEMISTRY. 

Und then it furnishes a peculiar acid with that 
body, 

Charles. What effect is produced by its being 
brought into contact with nitrogen ? 

Tutor, Nitrotren, or azotic gas, of itself, has 
no action on iodine ; but, when it is added to 
liquid ammonia, one part of it unites with the 
hydrogen of the alkali, and forms what is called 
hydriodic acid, while anotlier portion of the 
iodine cotnbioes with the nitrogen, and fulls 
down in the form of a black powder. Thia 
r.ompounil of iodine and nitrogen detonates with 
a very moderate heat, and even with the slight- 
est touch. 

The affinity of iodine for hydrogen is very 
strong;, and it absorbs that base from hydrogen'' 
gas, and detaches it from several of its combina-" 
tions, affording, as the result, a distinct acid. 

James. How is the combination effected ? 

Tiitvr. If iodine be heated in dry hydrogen 
gas, an expansion of its volume takes place : 
an acid gas is formed, which is very absorbable 
by water, and acta so much on mercury, that it 
cannot be preserved loog over that meliil. / 
similar gaseous compouud is formed by exposinj 
iodine to sulphuretted hydrogen gas. 

Ckarla. Do you mean, thai mercury 
iodine combine and form a compound ? 

Tutor. I do : for no sooner does the gas comeJ 
into contact with the metal, than it begins to bi' 
Komposed ; the iodine unites with the merci 

i and there remains, afler the combination 
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completely formed, a volume of hydrogen gae^ 
equal exactly to half tbat of the acid gas. 

Jamet. Do any of the other metals have a 
action upon this acid gas ? 

Tutor. It is decomposed, in a similar manaei 
tiy all the metula, excepting gold and platins* 
If the acid gas is heated in contact with oxygen 
gas, it is immediately decomposed ; the oxygen 
seizing upon the hydrogen. Chlorine, also, int 
stantly deprives it of hydroe;en, and producer 
muriatic acid gas, and the iodine re-appears vc 
the form of a beautiful violet-coloured vapour. 

Charles. What is this acid gas called ? 

Tutor. It is named hydriodic acid gas, and it|' 
Specific gravity is more than four times heavier 
than the common atmospheric air : it is pleat 
tifully absorbed by water, and the solution i 
fuming with the specific gravity of 1.7. T 
prepare this liquid, put powdered iodine i 
water, and pass sulphurated hydrogen tlirou|^ 
the mixture. The hydrogen unites with tha 
iodine, and the sulphur is precipitated. 

The liquid acid is slowjy decomposed, by 
contact with the air ; its hydrogen being at' 
tracted by the oxygen of the atmosphere and a 
portion of the iodine is liberated. 

Concentrated sulphuric acid, nitric acid, i 

chlorine, decompose this acid gas, and separate 

the iodine from it. With solutions of lead, i) 

pveB a line orange precipitate ; with a solntit 

~~fper'Oxyde of mercury, a vei one*, ■Ka4i,'w 

r » white precipitate is 3"\e\ifci- 
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James. Is this acid gns decomposed by means 
of the Galvanic electricity ? 

TiUnr. It is very rapidly decomposed when 
submitted to the action of a strong battery ; the 
iodine appears »t the positive, and hydrogen at 
the negative pole. It is decomposed by those 
oxydes, which hold their osygen loosely, and 
combines with the rest, forming a genus of neu- 
tral salts called hydriodales. 

Charles. Do sulphur and iodine unite ? 

Tutor. They do, at a gentle heat, and a black 
radiated compound is formed, resembling sol- 
phuret of antimony. This may be readily dectKn- 
posed by a degree of heat a tittle higher than 
that at which it was formed, and the iodine is de- 
tached in vapour. 

Phosphorus and iodine likewise combine at the 
temperature of the atmosphere, evolving heal, 
but no light ; the result is a phosphuret of iodine, 
of a reddish brown colour, the solidity, fusibili- 
ty, and volatility of wliich vary with the propor- 
tions of its ingredients. 

Jamea. What effect has potassium upon 
iodine ? 

Tklor. Potassium burns in the vapour of 
iodine, with a pale blue light, without giving. out 
any gas. The substance produced is white, " 
sible at a red beat, and soluble in water. To 
aubittance Sir Humphrey Davy has given 
name of iode of potassivm, the term iode b( 
1 generic trio ibr the comYioUinAa orvaS\nB. 
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£ metals and other combustible bases ; but Qi 
Missac makes use of the name iodure or iodnri 
I When iode or ioduret of potassium, silrf 
lercury, or lead, la heated in chlorine gas, f 
teine is espelled, which proves, that the affinj 
■ cblorioe, for those metals, surpasses that 
e iodine. 

irles. Have the alkalies themselTes ' 
J for iodine ? 

ior. When iodine, in a slate of vapour, 
Bsed over ignited hydrate of potass, onygen 
■engaged, and a compound is formed similar 
It which results from the combination ofiodii 
potassium. Hence it is inferred, that tl 
JDtiy of iodine for potassium exceeds that 
l^gen, and the same may be said of ^ever 
} other metals. 

. What do you mean by the terra A 

Tutor. Water enters inio combioalion wi 
various solid bodies, and in the union entire; 
to^es its fluid form. Such compounds are deni 
minaled hydrates. The pure alkalies, potass an 
I toda, retain, for example, even after fusioi 
about one fiAh their weight of water, which ce 
only be scparateil by some body having a strotu 
I i^r affinity for the alkali than the water. 
Charles. Do iodine andclilorine unite 1 
Tvtor. Iodine absorbs about one third of il 
'veight of chlorine, and forms, with it, a peculia 
:icid, called chhriode or chloriodic acid, and il 
compounds ehloriodates. 
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When iodine is exposed to euchlorine, there 
u an immediate action, its colour is changed tD 
a bright orani^, and a liquid is formed. 

Jataea. Is it generally admitted, that iodioe 
ia a simple or elemeatary substance ? 

Tulor. It is -, for it has never been decont- 
posed ; it bears a striking analogy with chlorine, 
which it resembles, 1st. In forming one acid bj 
uniting witb hydrogen, and a different acid with 
oxygen ; 2dly. In it? effecta on vegetable colours; 
3dly. [n its affording, with fixed alkalies, salts tbai 
nearly approach iti character to the hyperOTj- 
tnuriates ; and, 4tbly. In ita electrical habitudes. 

The discovery of this substance, says Dr. Hen- 
ry, " lends a strong support to that theory, 
which considers chlorine as a simple body, and 
muriatic acid as a compound of chlorine and hy- 
drogen. In the property of forming an acid, 
whether it be united with hydrogen or with oxy- 
gen, iodine bears, also, an analogy to sulphur; 
it is remarked of the combinations uf chlorine, 
iodine, and sulphur, with the elements of water. 
that, while the acids, which they form with oxy- 
gen, have their elements strongly condensed, 
those formed with hydrogen hare their elements 
very feebly united. Sulphur has the stroi^st 
afiinity for oxytifia, then iodine, and lastl) 
chlorine. But for hydn^n, chlorine has a 
SIrOiHtnr attractioa than iodine, and iodine than 
■ulnhur." 

JmtKtt. H'bal meaiuvsiheT« «( detecting ihi^ 
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r. There are several modes : it has the 
ky of corroding metals, especially of black- 
silver more powerfully than any body at 
t known. This property led to the oHgi- 
:overy in kelp ; and^ir Humphrey Davy 
ed it as a method of detecting iodine in 
utions of the ashes 6f different seaweeds, 
n sulphuric acid is poured upon a dry salt 
ing iodine, a reddish brown liquid is ob- 
which is another method of detecting the 
:e of iodine in salts. But the most deli- 
!*agent for iodine is staHh. When this 
ce is put into a liquid containing iodine in 
of liberty, it detects the presence of so 
quantity as the xszir^ ^ P^^» ^y the^blue 
which it forms. 
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CONVERSATION VII. 



Of the Metals. 

TUTOR. Metals are opaque and combustible ; 
they have a lustre peculiar to themselves , and are 
fusible, but insoluble in water. Their specific 
gravity is greater than that of any other simple 
body ; and they are all conductors of caloric and 
electricity. Some of them are malleable ; and 
some of them are very ductile, or capable of be- 
ing drawn into very fine wire. 

Charles. How many metals are there ? 

Tutor. Dr. Thomson reckons 23, but some 
other chemists mention 28 : we shall follow Dr. 
Thomson, who arranges them under three classes, 
viz. — 1. The malleable ; 2. The brittle and easi- 
ly fusible ; 3. The brittle and difficultly fusible : 
according to the following 
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TABLE OF METALS. 

CLASS I. 

MALLEABLE. 

1. Gold 2. Platinum 3. Silver 

4. Mercury 5. Copper 6. Iron 

7. Tin 8. Xead 9. Mckel 

10. Zinc. 

CLASS n, 

BRITTLE AND EASILY FUSED. 

1. Bismuth 2. Tellurium 

3, Antimony 4. Arsenic. 

CLASS m. 

BRITTLE AND DIFFICULTLY FUSIBLE. 

1. Cobalt 2. Manganese 3. Tungsten 

4. Molybdenum 5. Uranium 6. Titanium 
7. Chromium 8. Columbium 9. Tantalium; and 

IChs Cerium. 

James, How do you reckon mercury among 
the malleable metals ? 

Tutor. Because this property belongs to it 
when it is frozen. 

James. Were not some of the metals former- 
ly compared with the sun and planets ? 

Ttitdr. The ancients gave to the seven metals. 
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with which they were acqiiainted, the riiime^ of 
the sun anil plancU then hnoivn : the mark^, 
which denoled the planets, when speaking on 
the subject of astrouomy, denoted also Ihe loetalf, 
when treating of the other departments of natu- 
ral knowledge : thus 

Gold was the Svs, represented by 

Silver Moon, > 

MeRcuRY . . Mercukv, 8 

CopreH .... Vebus, 9 

iRoif Mars, rf 

Tiji JoprxER, % 

Lead Saturn b 

Jame». Here is no character, or metiil, repre- 
jjeoted by the earth. 

Tutor. Tbe e;irth was not then considered as 
a planet ; and the moon, which was at thai lime 
regarded as a planet, is now known to be only an 
attendant upon tbe eai-lh. 

C3tarlei. Where are the metids to be mel 
with? 

Tutor. They are fonnd in the bowels of the 
earth ; but not in the slate which rendcni them 
useful to us Iron, for instance, the most useful 
and importiint of ujj metals, is not found in the 
earth in burs, bnt in the appearance of a stone, 
this is called an ore : it is the metal cumhii 
with sulphur, oxygen, clay, or other exCrane 
mlfstaace^. Here is a specimen of iron 
-C&4H-i«t. la nriiot couiitc'ies aie Vbe^ 



a stone ; 

:umhiiM^ 

LtraneMH 

ore. ^^H 



■. Tn almost every part of tlie world s< 
nr other of the uietals ure obtained ; generally a 
monntainous countries, in the crevices of roc' 
torming what are called reins of ore. The n 
l.illio matter of ores is geoerallj incriisted and H 
termiDgled with some other substance, diiTere 
from the rock in which the vein is situated : t 
substance fs termed the matrix, 

James. Are all the metals found in the state 4 
fifes? 

* Tutor. Gold and silver, and sometimes coppeH 
ue obtained in a state of purity. But the olf 
tnetala are usually found, as ore?, blended v 
"iher iubstances, so as not to hiive the duciili^ 
IT other qualities of metals ? 

James, llow are metals obtained from I 

Tutor. By yarioua methods, as will be descril 
! eil when we treat of them separately ; sue' 
washing, roasting, fusion, &c. 

CharUi. I understiind the object of fusion 
"iiHl is intended by washing and roasting 1 
"ves, ss you term the operations, 1 cannot c 

Tutor. By wiishlng the ore, after it is reducd 

i'l powder, it is purified from whatever salts, i 

"ilier matters, soluble in wafer, that may be B 

iched to il. By roasting, sulphur, arsenic, i 

ittier Kuch matters are dissipated, which, if fusd 

, Hilh the metal, would be highly injurious to j) 

^Irought iron, in which there is any portion \ 

^l|ihur, iif very brittle and almost ULSC\e%s. 
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WkfciB the cane of 
rostr, Tmd die odber 

7»&»r. AlBoat all aetalB, wiieii exposed to the 
acrion of heaC aad tbe air, lose their Intre ; aed 
in leo^ of CtoK are ceaieifa ed intx^ corthj-like 
powden, ofefife ieatuitaais and properties ; socli 
'» the riBt of inxi. These p gti d ers are called 
or j'les : becanie ther are the metals coaabiiMd 
with ox jzen, which thej ahsoib irwm the atmoi- 
phere, water, lu:. 

CharUs. Are adi the metah cap^e of combiB- 
in^ with oxygen ? 

Tvtor. 1 69 : and g onwitii u c s the combination if 
^iccoDipanied with combustion, and sometimes not 
Frequentlj the metal i» first Iband as a pare ox- 
yde, which, to be redoced to the metalHc stale, 
requires nothing more than that the oxjgei 
should b(* driven from it : sach are iron ochreSt 
which arc the oxydes of iron. 

JameM. Will the metals anite with the earths 
and »lkalic9 ? 

Tutor. Not in their metallic state and by fu- 
»ion : but they most of them may be first redu- 
ri!(l to oxydcfl, and then they will readily combine 
with the acids, earths, and alkalies. 

Jarnen. You have told us already, that there 
nro Honictimcs two or more oxydes of the same 
tn(*tiil, whicli differ in their colours and other 
(tuiditicK, according to the quantities of oxygen 
absorbed ; pray how are they distinguished from 
^uch other J 



Wutor, Here again I refer you to Dr. Thorn* 
v^ system, which, t'rom it^ superior excellence, 
BB probably be the standard work in Chemistry ; 
this gentleman uses the term oxyde to denote the 
combination of metals wilh oxygen in general : 
proloxyde in the Jirst oxyde, which Ihe metal ii 
capable of forming. 

Ckarlcs. Do you mean an oxyde with the leaBt 
possible quantity of oxygen '.' 

Tutor, I do : deuloTyde will denote a metal 
combined with two doses of oxygen ; tritoxyA* 
will show, that the metal has combined with three 
s of oxygen ; and peroxyde will denote as. 
ie combined with a maximum of oxygei 
tsmeir. I comprehend this : protaxyde and 
ry(je denote the minimum and maximum of 
izement, and the terms deutoxydc, tritoxyde, 
L denote all the intermediate states in which 
^xydes are capable of being formed. 
^mWcS' Do not the metals combine readily 

b one another ? 
Wvtor. They do, and thus form very useful 
^ponnds. Thoa, pewter is a compound of 
i and tin ; brass is a compound of copper and 
; bell metal is a compound of copper and 
, The compounds are called alloys, except 
e of Ihe combining metals is mercury ; 
P^in that case the compound is called an aroal- 

fames. Is the amalgam used in electricity 
illed the amalgam of tin ? 
TVifcr. It is : and one formed of mercnry 
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gold would be called the amalgam of gold : mer- 
cury, being common to them all, is never used 
as a name to any. 

Charles, Are there not some metallic bodies 
denominated semi-metals ? 

Tutor. If you refer to the table, which I gave 
you just now, you will see the first class consist- 
ed of malleable substances ; they are most of 
them likewise more or less ductile, and, perhaps, 
on account of these properties, they were called 
METALS ; but the substances in the other classes, 
being brittle, were denominated semi-metals. 
This distinction is now generally out of use. 
We shall to-moirow proceed with the metals 
separately, beginning with gold. 
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CONVERSATION VIII. 



Goldy Platinum (Rhodium, Palladiain» Iridium^ 

and Osmium.) 

TUTOR. G old IS reckoned the most valuable 
of all the metals : it is not the least altered by 
being exposed to the air, neither has water the 
smallest action upon it. 

Charles. I believe it is not easily melted. 

Tutor. Not by the heat of our fires : but by 
means of a furnace it is fused without difficulty : 
it may even be volatilized. When melted it as- 
sumes a bluish green colour. Its specific gra- 
vity is more than nineteen times greater than 
that of water. 

James. Is it not very ductile ? 

Tutor. It is ; and madleable too, more so than 
any other metal.* A wire of gold, only one 
tenth of an inch in diameter, will sustain more 
than 5 cwt. 

* See ScientiAc Dialogues, vo\.\>^AA:. 
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Gold, as we have observed before, can be 
solved *in the nitro-muriatic acid. 

Charles. Did you not say, that no metal is s 
ble in acids till it had been reduced to the s 
of an oxyde ? 

Tutor, 1 did ; and this process is thus expl 
ed. The nitro-muriatic acid consists of ei 
parts of the nitric and muriatic acids. Thei 
a strong affinity between the oxyde of gold 
muriatic acid. The nitric acid furnishes ox] 
to the gold, and the muriatic acid dissolves 
oxyde as soon as it is formed. 

James. Then it becomes a salt, viz. the w 
ate of gold. 

Tutor. It does : but an oxyde may be obi 
ed by combustion, either by Galvanism, ele* 
city, or by means of a very powerful bur 
glass. 

Charles. Is there only one oxyde of gold ' 

Tutor. Yes : there are two, the protoxyc 
a purple colour, and the peroxyde of a ye 
colour. The oxydes may be decomposer 
close vessels by the application of heat, 
gold remains fixed, and the oxygen assumes 
form of gas. They may be decomposed als< 
the several substsmces^ which have a stroi 
affinity for oxygen than gold has. 

James, Witibi what substances will gold < 
bine? 

Tutor. With a great number of metals, at 
forms with them a variety of alloys. It will < 
h'lne also with phosphorus, making with 
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pfaosphoret of gold, which is brittle, whitish, 
and has a crystallized appearance. 

Experiment 1. A thin sheet of gold introduced 
into oxygenized muriatic acid, when in a gaseous 
state, will take fire and burn. 

£x. 2. The nitro-muriate of gold in solution 
gires a purple hue to the skin : it is also used 
for staining ivcM^y, feathers, porcelain, &c. 
£FeD marble may be died with it. 

Ex. .3. The oxyde of gold, combined with am- 
monia, makes fulminating gold, which explodes 
with great violence by means of heat. 

Charles. How is this fulmination accounted 
for? 

Tutor. The ammonia is a compound of hydro- 
gen and azote ; the hydrogen unites with the 
oxygen of the oxyde, which reduces the gold to 
a metallic state, while the azotic gas, and per- 
haps aqueous vapour, are liberated in a highly 
expanded state. The impulse of these aeriform 
products on the atmosphere appears to be the 
cause of the loud noise occasioned by the explo- 
sion of this compound. 

Ex. 4. Ribands, &c., moistened with the di- 
luted solution of gold, and exposed to a current 
of hydrogen gas, obtained from iron fiUngs and 
sulphuric acid, will be gilt. Of course it is easy, 
by means of a camel's hair brash, to exhibit regu- 
lar figures in gold upon them. 

Ex. 5. A sheet of tin, immersed in a solu- 
lutioD of nitro-muriate of gold, precipitates the 
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goW of a purple colour, which, when colM 
IbrmB a poivJer much employed in enamel ling. 

Ex, G. If ether be added to a solutioo of mi 
riate of gold, the gold will leave the acid ai 
float on its surface, combined with the ether. 

Ex. 7. Gold, which is too soft in iUpure sta 
for many purposes, has its hardness increased I 
being melted, or alloyeil, with a Nmall proportit 
of copper. 

Charles. Are gold coins and medals alloys 
gold and copper ? 

Tutor. They are : and in all cases the degrf 
of purity of the gold is expressed by the nuiniM 
of parts of that metal contained in twenty-foi 
parts of any mixture. Thus gold, which in twei 
ty-four such parts, called carats, contains twei 
ty-two of pure metal, is said to be twenty-tti 
carats line. 

James, How is absolutely pure gold expreesei 

Tutor. It is called tweoly-four carats fine. 

It is a singular fact, that some kinds of coppe 
which are not in the least defective as coppe 
totally destroy the ductility of gold. 

Charlts. How is that accounted for ? 

Tutor. It is probably owing to its contamin: 
^OQ with lead or anlimony, of either of whic 
metals only ^^j^th in weight is sufficient to pn 
duce this effect. 

James, Where does gold chieSy come from ! 

Tutor. It is someUmes found in the ore* ■ 
other metals ; but it abounds in the sands i 
aiaajrnvera in Africa, AmwiCB., ani^o^i'i- 
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_ s occurs in a metallic state, and commonly 
in the form of grains. («) 

Charles. What is this white and very heavy 
met ill ? 

Tutor. It is pLATiNDH ; it is by mnch the 
hnavieiit of all the metalfi, being, when ham- 
mered, twentj-three times heavier than water. 
Like gold, it is exceedingly liuclile and malleable, 
.ind is the most infusible of all metids. 

Jamet. How is it melted ? 

7'«('/r. By means of the blow-pipe (see vo' 
lume i,) with the ttssiatance of oxygen gaa.^a) 
This metul is not in the smallest degree ^ected 
by the action of air irtid water. It has the pro- 
perty otu^elding, which belongs to no other me- 
lal than this and iron,* 

Charles. What does welding mean ? 

Tutor. Two pieces of wrought iron, raised 
m a white heat, may be permanently united by 
forging; this is called welding. 

Jamee. We saw the operation in the forma' 
lion of anchors at Portsmouth. 

Tutor. Right : and it may be seen, in a smitil 
way, at ;ilmost any smith's forge. 

Charles. Can platinum b& osydized ? 

Tutor. Not by the strongest artificial heat 
thiit can be applied ; bi)t it may by boiling it in 
sixteen times its weight of ni^o-miiriatic acid. 
By the addition of Ume, a yellow powder will fall 
lo the bottom, which is the oxyde of platinum. 

• This property is found lo be\o\i^ Vj V\ic TvwA-j to* 
rovered meials pota^iutn and sodium 



James. Will jilatuium combine with the Other 
metah ? 

Tutor, h will, and forms alloys with them. If 
it could be readily and cheaply obtaiued, it would 
form very precious vessels, as they could not ~ 
iicted upon by many bodies, aad might be expi 
e-d to the greatest beat without alteration. 

James. By what is platinum acted upon ? 

Tutor. By fusion with nitrate of potass, 
also with pure hsed alkalies. This diminiEl 
its utility in some respects. 

Ckeirlcs. h it brought at all into use ? 

Tutor. Cruciblea and spoons are made of it 
for chemical purposes, excepting where alkalies 
are to be fused. It is also used in the manufac- 
ture of specula for telescopes. 

Charlen. What test is used to discover 
presence of platinum in other substances 1 

Tutor- Themost delicate test of the presenf 
of platinum is the muriate of tin. A solutii 
ot platinum, so diluted as to be scarcely distini 
guisbable from water, assumes a bright red CQi 
lour, on the addition of a single drop of a newli 
made solution of tin. i 

James. With which of the metals does platt 
num coQibine ? -i 

Tutor. Itcombines with the newl;y discoverei 
metals potassium and sodium, and aSbrds brittli 
compounds. It unites with moat of the metals* 
Jn the proportion of one sixteenth it renders goU< 
pale : it amalgamati^s with mercury, and dimtnisfai 
es the fusibility of fusible metak. 




remarkably s 



ind bad conductor 

. What experiment proves this ? 
Wheo equiil pieces of silver, copper^ 

1 platinum were covered with wax and beateA 

|<oae eod, the was was melted 3^ inches on tl 

silver, 9^ on the copper, and 1 inch only on tl 
platinum. 

Jamea. Where is platinum found? 

Tutor. It is obtained in grains, in a. metallii 
state, at St. Domingo, and in some parts of Pentf 

Connected with platinum, we must briefly n 
tice fonr other newly discovered metals, thoui_ 
they do not all come under the cla»9 of malleabi 
metnls. These are named Rhodium, Palladiui 
Iridium, and Osmium. 

Cliarles. Why are they mentioned in connex- 
ion with platinum ? 

TviOT. Because they are separated from tlu 
ore of platinum. 

Jainea. What are the properties attached ti 

Tutor. It is not malleable ; its specific gravi^ 
is 1 1 , and it unites witli all the metals, that hav« 
been tried, except mercury. When alloyed with, 
three times its weight of bismuth, copper, oi'^ 
lead, these alloys may be completely dissolved ii 
a mixture of two parti, by measure, of muriatiM 
acid, and one of nitric. When lend is used, " 
a reduced by evaporation to an insoluble m 
ate. which (hen exhibits the rose coVo^t, 



wbicb circQBiBtaDce the naoie of the metal ii 
rived. It is soluble in alcohol. 

Cho-rles. la palladium also obtained from Ihi 
ore of platiniim ? 

Tutor. It is : and it is verj' tike {ilutiuum, onlj 
of a duller white : il \S malleable nnd ductile, aq 
its specific gravity ia from 11 to 11.6. The Inii 
solvent of this metal is nitro-muriiitic ncjd, wbid 
acts upon it nith violence, and yielda a beaulifii 
red solution. 

James. Can it be readily precipitated from tj 
solution ? 

Tutor. Yes ; precipitates may be produced bi 
alkalies and earths, which are of a fine oranj, 
colour. Palladium readily combinea with otbct 
metals ; and it has the property, in common 
platinum, of destroying the colour of gold, 
when used in the very small proportion of one U 
five or six. 

Ckartes. Are the other two melala obtains 
also from the ore of platinum ? 

Tutor. Yes, both iridium and ot^mium ban 
been separated from that ore, in the stale i 

iKiDiuH was so named from the variety of c9 
lours exhibited in the osyde. It baa been (' 
tained in a state of purity by heating the mnrt, 
which expelled the acid and oxygen. 
■ w hite colour, and perfectly infusible. 
^^ OsHicH, in a state of oxyde, has apeculiarani 
^■B!gv/if smell, EOmethiug resembling that of chia 
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rine gas, whence it had its name. The pure me* 
tal forms with gold and silver malleable alloys. 

The most striking test of the oxyde of osmium 
is an infusion of galls, which soon becomes of a 
parple colour, and afterwards changes to a vivid 
blue 
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exposed to the direct rajs of the sun, its coloui; 
becomes darker. If fused by a gentle heat, 
forms aaemi-transparent mass, of the coDsUtencf; 
of horn, called lana cornea. 

Es, 2. If one part of muriate of silver b« 
mixed with three of carbouate of soda, and fuse^ 
in a crucible, the silver will, when cold, be f — ^^ 
reduced at the bottom of the crucible. 

'Ex. 8. A solution of nitrate of aiWer stainq 
animul substances of a "deep black ; it has beeni 
applied to the staining of the human hair. — 
White paper, when stained with a solution of 
nitrate of silver, in the proportion of ten parts. 
of water and one of the salt, exposed to the 
tijjht, acquires colour, and passes through all 
the changes to black. 

Ex. 4, Let a slip of ivory be immersed ia_ 
a solution of pure nitrate of silver, till it bas> 
acquired a bright yellow colour: then remove, 
it into a glass of distilled water, and espose it^ 
to the direct light of the sun ; it will, after 
two or three hours, become black, but, on rub- 
bing ita little, the surface will be changed into 
a bright metallic one- 
Ex. 5. Nitrate of silver is decomposed by. 
other metala : a plate of copper, to which it ia- 
applied, becomes plated with silver. i 

Spread a few drops of nitrate of silver upon 

a smooth piece of glass by means of a camel's 

hair brush ; at the bottom of it, in contact with 

the Soil), place a small brass or copper wire, , 

Jgi it remaia imdisturbed. and ia % n^vovl \?^ 



iiurl it will begin lo shoot out into apparent ve- 
getation. Il may perhaps require a magnifying _ 
glass to see it. 

James. How is this explained ? 

Tutor. It is produced by the superior at> 
traction of the copper for nitric acid to that of 
silver. The acid leaving the silver, it returns 
In the metallic state. (n) Upon this principle 
many articles are silvered over, as dial plates, 
ilie scales of liarometers, &c. < 

Claries. Are they copper, washed over nitl^ 
the nilrate of silver ? ^" 

Tutor. The muriate of silver is chiefly used ; 
from which the silver is precipitated, and unites, 
with the coppery surface. 

James. Is that called phiing ? 

Tutor. Copper is plated by first fastening, by; 
means of borax, a plate of silver on an ingot a 
copper ; in this state the ingot is rolled between' 
Eteel rollers, till it is of the required thickness. 

James. The silver of plating is very thin. 

Tutor. Not more tlwo the three -thousandth ^ 
part of an inch thick. 

A very useful solvent of silver is formed by , 
dissolving one part of nitre by weight in eight 
or ten parts of concentrated sulphuric acid,— 
This compound, called nitro-sulphuric acid, 
when heated below the temperature of boiling 
water, dissolves a sixth or even a fiflh of its ^ 
weight of silver, with an extrication of nitroi 
CM, and leaves any copper or olWt me.\.!Ji-« 
fhicb the silver may be coinVmfcA- We*'^'^' 
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is a most useful agent id extracting silver froifl 
old plated goods. ^M 

Charles. Can the silver he recovered froiu 
the solution again? I 

Talor. It m»y, by adding to it muriate of so- 
da, which forms muriate of silver, anil this may 
be decomposed by carbonate of Boda. ^ 

Ex. 6. If a little mercury be poured into d 
bottle, filled with this solution, and left aomal 
time undisturbed, the silver will be precipitatefl 
into a beautiful form, resembling the brancheA 
of a tree ; this is called the arbor Dianx, ■ 

Charles. Will you show me the experiment t a 

Tutor. Here is something more than throfl 
drams and a half of pure silver, and half ifl 
much mercury ; ] will dissolve them separatelH 
in sufficient quantities of pure nitric acid ; th^B 
mix the solutions, and add to them five or sifl 
ounces of distilled water. This is to be pouroH 
upon rather less than half an ounce of an iiiiiiiM 
gam of silver, which is put into a spherical gla^B 
vessel. In the course of twenty-four hourifl 
the silver tree will be formed. fl 

Jainei. Where is silver found ? H 

Tutor. In various parts of the world, in a m^9 
lallic stale ; and in the form of a sulphuret, a salt, 
and an oxyde. 

CliarUs. is there any method of knowing whe- 
ther an ore contains silver ? 

Tutor. Yes : by reducing the ore to powdcf^ 

und dissolring it in nitnc add, and aftenvai^fl 

^ddiag a feiv drops of mariaJJc at\d. J 



SILVER. 71 

Somen, Will the nitric acid dissolve the silver, 
i£ there be any in the ore ? 

Tutor. It wiH : and the muriatic acid will pre- 
cipitate it in white flakes, as you saw was the 
case just now, when I added the muriatic acid to 
the nitrate of silver. There is often silver in 
ores, but in such small quantities as not to make 
it worth while to work for it. 
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CONVERSATION X, 



Of Mercury. 

I 

' ' TUTOR. 1 need not tell you, that this i 

shining substance is mercury ; it has deriyed 

veral names from its similarity to silver, as qui 

silver, argentum vivum, and hydrargyrum. 1 

between thirteen and fourteen times heavier t 

water. 

Charles. Does it not retain its fluid form, wli 
makes it so very unlike to the metals ? 

Tutor. Yes, in our climate, the cold is ne 
so great as to render it solid ; hut, by artifi< 
means, it may, even here, be congealed, and tl 
be made malleable and ductile. 

James. Can it be made to boil like other 
quids ? 

Tutor. Yes, and be changed to vapour, whi 
is invisible and elastic, like common air. Its el 
t/ci'tyway be increased so aalo Wt^tthe stroi 
est vessel that was ever ma&e. 



Oiaries. The surface of mercury aoon tar- 
nishes. 

Tutor. When expo^eil to the air, it combiDea 
with the osjgen of it, and is thus coQverted into 
aa oxyde. The change, however, goes on hut 
slowly, unless aided by heat, or by agitation. 

James. Can it be burnt, like gold and silver 
leaf, or wire ? 

TWor. Dr. Thomson siiys he has never beea 
able, by any method, to burn it ; and th; 
the only metal, which he has examined, th^ 
seems incapable of combuBtioo. 

James, la it soluble in the acids ? 

Tutor. In nitric acid it may be dissolved, and 
nitrous gas disengaged ; and, according as the so- 
lution 13 made with or without heat, a greater 
i)nantity of oxygen will be imbibed. , 

CkarUn. Will there then be more oxydes thaiL 
^ne ? I 

Tutor. There have been reckoned four i 
I. The firoiax^dc is when the mercury is convert- 
ed into a black ponder by agitation, formerly 
called eiliiops per se. 2. When it is dissolved 
without the assistance of heat, the devloxyde i| 
ibrmed. 3. When exposed to the heat of 600", 
jt combines with more oxygen and becomes red ; 
this is called the tritoxyde, which was formerly 
rienuminated precijiitate per se, 4. If oxymuriatic 
^ is made to pass through the red oxyde of 
mercury, it combines with an additional dose of 
'>xygen, and is converlod into a peroxyde. 

VOL. II. 7 
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, Does mercurj comlrine with sulphur 

3 phgaphorue '.' 

^Ktor. Yes, most readily. If two pnrts of sul- 
phur by wetghl, and one of mercoi^, be tritnni- 
ted toRether in a mortar, the mercury gradually 
disappears and the mnss asetimes a black colour. 
In this state it wa» formerly called ethiop»7nineral; 
but it is now found to cootain mercury, sulphur, 
and sulphuretted hydrogen, and ig on that ac> 
count denominated kydrogenoai ^dphtiTCt of intr- 



efrom 



^^L Charles. Where does the hydrogen 
^^fcthe operation ? 
^^' TiUnr. The sulphur imbibes it from the mijia- 
ture of the atmosphere. If this substance is heat- 
Git, part of the sulphur is dissipated, aud the 
compound assumes a deep violef colour, 

James. Is not vermilHon, which makes a beiift«( 

liful paint, a compound of mercury ? ■ 

Tutor. It is composed of mercury and sulphuH 

Onited by fusion, and sublimed. It comee awd 

in a Gne cake, and in this state it was called CM 

nabar ; and when reduced to powder it is deOH 

tninated Vermillion. It is the red sulphnrtl m 

naercury. J 

Charles. Is the mercury easily obtained frOM 

cinnabar ? M 

Tutor. Yes, by decomposition. The mercOS 

may be obtained in a state of pnrity, by tnJxn 

my 9uantity of the sulphurcl of mercury wiB| 

huh' its ireighl of iron fiVin^s, khA theiv o^plyiifl 

H heut to the retort io vfbicbt'hePMaa.ttta;^ 
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James. The sulphuret consists of qiercury and 
sulphur ? 

Tutor. True : the sulphur leaves the mercu- 
ry and unites with the iron. The naercury is 
disengaged, and what is lefl in the retort is a sul- 
phuret of iron. 

The pho^horet of mercury is formed witli 
phosphorus and the hlack oxydp of mercuiry', 
melted in a retort filled with hydrogen g^. 

Charles. What effect has the hydrogen gas ? 

Tutor. It prevents the combustion of the phos- 
phorus ; this substance bein^ formed of the 
oxyde, and not of the pure mercury, is called by 
Dr. Thomson black phospkoretted oxyde of mer» 
cury. 

Jaanes. Mercury, I know, from a former Cqi^- 
versation, readily combines with several mjetals> 
making, with them, amalgams. 

Tutor, The tin amalgam you have frequently 
seen ; the amalgam of gold is formed very readj- 
ly, by throwing small pieces of red hot gold into 
mercury, owing to the great affinity that thesfi 
metals have for one another. 

Charles. I once let a seven shilling piece fall 
into some mercury, and it came out white as sil- 
ver. 

Tutor. There was a real amalgamation of the 
metals, though, from the short time that the coifi 
was in the mercury, it went no deeper than th.e 
surface. 

Charles. By putting it 'm\.o VW fe.x^^'^iJQL^ "o^^"^' 
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cuiy was soon evaporated, and the money s 
^ood as ever. 

James, I know you was sadly alarmed, lest 
should thus have become good for nothing. 

Tutor, By this little accident, you learn th 
whole theory of gilding inferior metals. An ama 
gam of about ten parts of mercury and one < 
gold, is spread upon the metal to be gilt ; thei 
by the application of a gentle and equal beat, tli 
mercury is driven off, and the gold is lefl adh( 
ring to the surface. The surface is ailerwarc 
rubbed with a brass wire brush under water, an 
then burnished. 

Charles. Is there silver amalgam ? 

TSitor, Yes : eight parts of mercury and on 
of silver makes an amalgam of a white coloui 
and of a soil consistence. What is very remarli 
able in this is, that the specific gravity of th 
composition is greater than the mean specific gn 
vity of th^ two metals. 

jQ.mes. Can the mercury, in this case, be dri 
Ten off by heat ? 

Tutor > It may, and the silver remains pure be 
hind, without any loss. A solid amalgam of leac 
and another of bismuth being rubbed togethei 
become fluid. 

Mercury is the base of a new fulminating pow 
der ; which, however, is too delicate and dan 
gerous a subject for you to meddle with. Th 
powder is formed of mercury and the nitric acid 

James. What is the naercurial preparation call 
9d turbith mineral ? 
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Tutor. It is a mercurial salt obtained by ^jbs- 
solving mercury in hot sulphuric acid. There 
are many other salts of mercury used in medicine 
and the arts. 

Charles. Where does mercury come from ? 

Ttitor. It is imported to us chiefly from jthe 
East Indies. It is found in abundance in some 
parts of Spain, and in Germany. There is, ^n 
Peru, an immense quicksilver mine, 170 fathojQ^S 
in circumference, and 480 in depth, in which axe 
streets, and a chapel where religious services 
are performed on all festivals. 

James. Where does the light come from ? 

Tutor. The mine is perpetually illuminated by 
torches, flambeaux, &c. The inhabitants are all 
naked, or nearly so ; and thousands of human 
beings are annually destroyed by the unwhole- 
someness of the labour which they undergo in 
working the mine. 

Charles. To what uses is mercury applied ? 

Tutor. To many more than I can think of at 
present ; to silvering mirrors ; to the purposes 
of gilding, as we have seen ; for making barome- 
ters and thermometers, and in manufacturing 
Vermillion ; also to various purposes in medicine. 
In South America it is used to separate the pre- 
cious metals from the extraneous matter mixed 
with them. 

Charles. How is that managed ? 

Tutor. The mass is triturated with mercury ; 
the gold and silver become amalgamated with it. , 
The amalgam is submitted to heat, which su- 
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blimes the mercury, and the perfect metals are 
lefl in a state of purity. 

James, I think I have heard, that mercury is 
sometimes distilled ; pray how is that managed ? 

Tutor. By putting the metal into a retort, and 
adapting to its heak a loose stopper of tow ; thea 
adjust to the retort a matrass containing water. 
By applying a sufficient heat, the mercury passes 
over, and any foreign matters, that were mixed 
with it, will be left in the retort. 
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CONVERSATION XI. 



Of Copper, 

TUTOR. Here is a piece of copper, which is 
of a fine red colour, and very brilliant ; its taste 
is nauseous, and, by meddling with it, the hands 
acquire a disagreeable smell. It is between 
eight and nine times heavier than water. 

Charles, 1 am sure, that any person, who has 
ever been near a coppersmith's, will know that 
copper is malleable. 

T'utor. It is also very ductile ; and its strength, 
in the shape of wire, is so great, that one, not 
the tenth of an inch in diameter, will bear more 
than three hundred weight without breaking. 

James. Does it easily melt ? 

Tutor. It can be melted by the application of 
a strong heat ; and, if the heat be increased, it 
evaporates. After ^fusion, if allowed to cool 
slowly, it assumes a crystalline form. 

Charles. As it is used for the ?\i^^5i5civcv^ 'iJl 
ships, I suppose the water ba^ ivo\. TOXicVv ^c<vi^ 
upon it ? 
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Tutor. Copper is not altered while kept 
Act water, but by the action of (he air the i 
face soon becomes osydated. 

James. la that green crust, which we 
verdigris, an osydc of copper ? 

Tutor. It is louud fo be an OKjde of copj 
combined with carbonic acid gas. At the o 
in temperature of the air the oxydation | 
but slowly ; but, if n plate of copper 
heated red hot, it will be covered in a few n 
iites with an osyde. 

Charles. Then the oxyde may be obtain 
.readily in any quantity ? 

Tutor. It may, by heating the copper, .^ 
plunging it alternately into cold water. 1 
8 fall down to the bottom of (he water. ■ 
James, U not the green colour formed 
iJour liand, when walking with your copj 
beaded cane, an oxyde of copper '.' 

Tutor. Yes, it \s : the heat of the hand, co 
bined with the oxygen of the air, forms w 
he metal the osyde. It is the osydation of 
«opper that renders vessels of this metal dl 
[erous in the processes of cookery. 

Charh). 1 think copper slewpans ar 
tor preserving fruits and pickling vegetables 
^variogs kinds. 

TSilor. The whole art in using coppe 
Jieh consists in keeping them very clean ; 
|Id jirevent mischief, nothing that is to be 
BoaJd be . BuffereA to cooV iti a. cog^r v( 
therfatf nor oil; eabBta.ace&, uQt N«>^e:^ 



acids, have uny effect oo copper while [hey ure 
faoL If DO llquiil, therefore, be suflered to 
grow cold in copper vessels, they may be used 
Vilfa Bafety.(a) 

CXar/ej. Perhaps the green colour of the 
ffltyde of copper might he tlie reason why the 
vnlphate of iron, which is i;reen, was called 
, copperas ? 

Tutor. That is not an unreasonahle conjec- 

James. How many oxydes of copper are 

Tutor- Two ; the protoxyde is of a fine orange 
colour ; aad the peroxyde is black, but Jn 
combination, it assumes various shades of blue, 
green, and brown. These are easily reduced 
to the metallic state, by healing them with char- 
coal, oil, and even with some metals, especially 

Charles. Is copper combustible ? 

Tutor. When espoaed to a slreitm of oxy- 
gen and hydrogen gas, the metal takes fire and 
I'urns with great brilliancy, emitting a lively 
.;'ji'ii light of such intensity, that the eye can 

lively bear the glare. Copper leaves or 
.:ji>, may he burned by the electric or Gal- 
..iriic fluid. 

James. Will copper unite with sulphur and 
phosphorus ? 

Tutor. It will ; and thus are form^ed mvV^\«i- 

I and phospborcts of copper. TVc ^OY«\Si»; 
ie formed leadily by nHxinj covV' W^^wf 
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ani) sulphur together, and mnking th< 

paste with water. The phosphoret is forntll; 

by melting together sJKteen ptirts of coppc^ 

sisteen parts of phosphoric giasB, and one <* 

«harcoal. 

K| Oiartet, .Does copper combine with the 

■ jaetals? 

' Tutor. It does with many of them, and tlv 

' aDoys so formed are of great imponance. The 
alloy of gold and copper is that of wbicli Uie 
gold coio in this country and France is fonnet 
because the copper increases the hardneat (f 
gold without injuring the colour. 

James. What are the proportions of the tin 
metals ? 

Tutor. The greatest degree of hardness 
obtained by a mixture of seven parts of goU, 
one of copper; but tlie current coin is s" 
with one part of copper to eleven of gold, 
specific gravity of the compound is much 
that of the mean. This alloy, being nui re 
ble than gold, is employed as a solder to joift 
pieces of that metal together. 

C'JtarUt. Is copper, alloyed with the othei 
metals, ased for any practical purposes ? 

Tutor. An alloy of copper and platinum tafcu 
a fine polish, and is cot liable to tamisb ; mi^ 
on that account, it has been employed for the 
mirrors of reflecting telescopes. 

Jamea. Copper is, 1 believe, used in the 
coinage of silver, as well na of g,old. 
TiUor. It is: in the pvovoi:*^'*>" *>^ ™* V*^'^ 
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copper to twelve of silver. The silver coin of 
¥ilince is pater than this, being formed of one 
-part of copper to about nineteen of silver. 

James, Do the acids combine with copper ? 

Tutor. Many of them do, and form with them 
salts that are used in the arts. The sulphate 
of copper, called Roman vitriol, is used by 
dien, a&d for varnishing guns, tea-urns, &c. 
The other salts of copper are used in pigments 
of different colours. Sulphate of copper is 
fbund in the streams of water that flow from 
copper mines ; and, by keeping refuse iron, in 
bars or plates, in these waters, the sulphate 
IB decomposed, and the iron soon acquires a 
covering of copper. 

Experiment 1. When a miicture of three 
parts of metal, in the state of fine filings, with 
one of sulphur, is melted in a glass tube, at the 
moment of combination a brilliant inflammation 
ensues. Copper leaf burns in gaseous sulphur 
as brilliantly as iron wire in oxygen gas. 

Ex. 2. Copper, combined with phosphorus, 
is said to acquire the hardness of steel : is sus- 
ceptible of the finest polish, and is not altered 
in the air. Copper is much used in mixed 
fnetals, as brass, bell-metal, kc, 

Charles* In what proportions are they used ? 

Tutor. Copper, with about a fourth of it» 
weight of lead, forms pot-metal : with the same 
proportion of zinc, it composes brass^ which is 
the most useful of all its alloys. 
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Mixtures of zinc and copper form the vmoD^ 
compounds of loinfeoc, Dutch gold. Prince Rvpttt't 
metal, pinMeck, he. 

Copper and tin, with a litUe zinc, form bromi, 
bell-metal, or gtm-metal. When tin h nearly one 
third of the alloy, it takes a beautiful polish, and 
ifl called speculum tneial. 

Ex. 3. A nitrate of copper may be thus pre- 
pared : let copper filings be dissolved in nitric 
acid, and when the effervescence subsides, boil 
the acid gently on the copper until a little skin 
appears ; the solution is to be decanted and eva- 
porated, until a strong pellicle vs formed, when 
it is to stand to crystallize. The nitrate thus ob- 
tained is of a line blue colour. 

Charlei. Where does copper come from ? 

l^itor. The island of Anglesea is very cele- 
brated for its copper mines, which yield more 
than twenty thousand tons annually. In Corn- 
wall al^o copper is found in abundance ; and b 
other parts of the kingdom. Copper mines have 
been worked in China, Japan, Sumatra, and in 
the north of Africa. 

Jamei. Is copper found in combination with 
other metals ? 

TvtoT. Yes, sometimes with gold, silver, and 
iron. 

CAoWei. How are they separated ? 

Tutor. The ore is to be dissolved in the ni- 
tric acid, which will act upon and dissolve the 
silver and iron ; the gold will be precipitated, 
TJie gilver may be aeparalci \)^ Hnmftiiavo^wJj' 
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tiie solution a pofished plate of copper ; tbe iron 
taaj be obtained by evaporating the solution to 
dryness ; the residuum is a nitrate of iron and 
Copper, which, being put in water, the oxyde of 
iron remains solid, while the water dissolves the 
Bitrate of copper. 
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CONVERSATION XII. 



Of Iron, 

TUTOR. Iron, which is the subject of tto 
morning's conversation, is the most usefal and 
the most abandant of all the metals. Its outirard 
appearance is too familiar to every person to 
stand in need of any description. Its specific 
gravity is between seven and eight times as great 
as that of water. 

James. We all know that it is very malleable. 

Tutor. It cannot, however, be hammered out 
into such thin plates as gold, silver, or copper ; 
but it may be drawn out into a wire as fine as a 
human hair^ and a wire^ one tenth of an inch in 
diameter, will sustain, without breaking, nearl/ 
six hundred weight. 

Charles. How many oxydes of iron are there? 

Tutor. The rust of iron is an oxyde, which is 

produced by the gradual combination of the iron 

with the oxygen of the atmosphere, lor which it 

has a strong affinity. U *\s •ddiuvU.ed that there 

iire two oxydes of iron, lY\e ^toVoiL^jdeW^cY.. "«Sk\ 
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eperosjde red. The former is used in medi- 
cine, UDtter the name of martial eikiops, and ms§. 
be obtained, 1. From iron tilings kept in warn 
water ; 2. By making steam pass through a red- 
hot iron tube ; the iron is cfaangetl into a bi^ 
liant, black, brittle substance, whicb, wheB 
pounded, has the appearance of martial ethiops { 
3. By burnina; iron wire in oxygengaH.* 

Jamea. How \a the peroxyde, or red oxydi 
obtained ? 

Tutor. By Jieeping iron filings red hot \a at 
open vessel, and agitating them continually, tit 
they are converted into a red powder. 

Charles. With which of these oxydes is coa 
mon iron rust to be classed ? 
—Tutor. Itis tberedoxyde, combined with car' 
uc a<dd gas. 

. Will iron combine with sulphur? 

. It will ; and also with phosphorus 

m, forming, ivith them, tiilpkurels, pkoipht^ 

^ and fori nrefx ofiron. 

:periment I. If equal quantities ofiron filin(^ 

I Bulphur are formed with water into a paste) 

,f the sulphur decomposes the water, and absorb 
the oxygen bo rapidly, that the mixture Bome> 
limes takes tire, although it be buried undet 
ground. Hence artilicial earthquakes have beei 
formed ; and this fact is supposed to afford a 
explanation of the origin of volcanoes. 

^^K ' Sec vol. i, Coaver!$1.io\is v^ ^tvii vm. 



Ex. 2. The phosphorel of iron may be form* 
by dropping sinitll bits of phosphorus into a 
filings, heated red hot. 

Tbe carburet of iron is found native, knoi 
under the name of ptitinbago or black-lead^ a 
ia manufactured into pencils, crucibles, &c. 
modernte beat has no effect upon it ; hut, wh 
beated strongly in an open vessel, the wh( 
burns slowly away, escept about one tenth ol 
residuum, which is an onyde of iron. 

Ckarlei. What is the distinction between c 
iron, wrought iron, and steel? 

Twfor. Cast iron is the name given to the m* 
tal when first extracted from the ores, which o 
are composed of the osyde of iron and clay. 

James. How is the metal obtained 1 

TntoT. The ore is reduced to small piece! 
and mingled with limestone and charcoal ; i 
in this state it is subjected to a very vioh 
heat. The carbon combines with the osygei 
of the oxvde, and flies off in the form of carbo^ 
uic acid gas, leaving the iron in a metallic state ; 
the lime combines with the clay, and together 
form a sort of fluid glass. The melted iron, 
being heavier than the glass, falls down to the 
bottom of the furnace, whence it flows intaV 
moulds prepared for its reception. This is cs 
iron, which still contains carbon and nsygen. 

James, How is it converted into wro 

Thtor. By heuX and by hammering :- 
/".-se opemtiatis it in depiWei ul liw ta?\»!; 
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jBnd oxygen, which it retaiQed in the cast state. 
If small pieces of iron are put into a crucible 
with a charcoal powder, and kept in a sb'ong 
heat for several hours, they will then be con- 
irerted into steel. 

CharUs, What are the peculiar properties of 
fiteel? 

Tutor. It is brittle, resists the file, affords 
qmrks with flint, and retains the magnetic virtue 
liny length of time. It loses its properties by 
being ignited and cooled very slowly. 

James. Is steel a compound of iron com- 
twined with charcoal ? 

Tutor. From what we have said before,* 
charcoal is an oxyde of carbon ; but steel is 
proved to be iron combined with the carbon 
itself, and not with the charcoal ; for steel has 
been formed by means of the diamond, which 
is pure carbon. 

Charles. If I understand the subject, steel 
contains carbon, and so does cast iron, what then 
makes the difference between the two ? 

TtUor. Steel is composed of iron and a small 
portion of carbon ; but cast iron is combined 
with a greater proportion of carbon than is ne- 
cessary for the formation of steel ; it is, perhaps, 
saturated with carbon. Cast iron is converted 
into wrought iron by burning away the carbon, 
and depriving it wholly of its oxygen. 

* See vol. I, Convers&Woix ^vt. 

a* 



Jamei. li there any method of distiagui^fting 

lOlUhed iron from polished steel ? 

Tiilor, Yes, a very simple one : upon the 

netala, ae the blade of my penknife, which 

[know is excellent steel, and on the haadle of 

'. tongs, which is polished iron, I will put 3 

)p of nitric acid, and let it remiiin live min- 

titea, and then wash it off. 

Oiarlet. On the knife there is a dark brown- 
ish black spot left, but on the tongs the spot is 
tof a whitish gray colour. 
'' Tutor. The black apot on the steel is owing 
to the carbon which it contains, and whic' 
fcODVerted into an oxyde, that is, into charcoal^ 
hy the acid. But upon the iron, which is n 
free from carbon, this effect cannot be cJtpect 
and the spot is barely visible to the eye. 

James. Can iron be made to combine wifl 
other metals ? 

Tutor. Yes, it may, with most of Ihem ; it 
combines also with the acids, forming with them 
jtalts, that are very much employed in the arU 
and manufactures of this country ; thus we have 
the sulphate of iron, called in the shops green 
vitriol, or copperas, used in dying, hHt-m;iking, 
inlt-makiog, Ike. The nitrates and muriates of 
iron are employed in calico printing. 

Experiment. The effect of sympalhetic ii 
may be obtained by writing with a pen dipped 
in very dilute solution of prussiale of potass 
Clark's. I do not see an^j thing that you h 
rrj-y/Iea. 



rcoaj. 



dipped 



laoir. 91 

Tutor, I will moisten the paper with sul- 
phate of iron, and now yoa see the writing is 
« fine blue. 

James. Can the experiment be reversed ? 

Tutor, Yes : 1 will write with sulphate of 
iron, and moisten the paper with the prussiate 
of potass. 

Experiment. If 1 write with an infusion of 
galls, the characters will not be legible till a 
solution of sulphate of iron is applied. This 
may be reversed. 

Charles. From these substances ink is formed. 

Tutor. True : and as ink is decomposed by 
most acids, which separate the oxyde of iron 
from the gallic acid, a solution of muriatic acid, 
and also some vegetable acids, will remove ink 
stains. 

Ink is decomposed also by age, in conse- 
quence of the farther oxydation of iron, or of 
the escape of the acid of galls. Hence ink 
stains degenerate into iron moulds. 

James. But iron moulds are produced al- 
most as soon as the linen that has been stained 
with ink is washed. 

Tutor. Because the alkali of the soap ab- 
stracts the gallic acid, and leaves only the oxyde 
of iron. 

Charles. Iron is, I believe, found in many 
parts of tliis country. 

Tutor. It is, and in great plenty va.^^3csft. 
northern parte of the world. \1 \%, *»& Wisss^^ 
already said, the most useful and tao^V. vitoxwv^^*^ 
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of metals. The practical knowle^e of iron, 
and of the various uses to which it may be 
applied, may be said almost to distinguish Htv^ 
civilized from the savage world. 
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CONVERSATION XI IL 



Of Tin and Lead. 

TUTOR. This piece of metal is tin, usually 
called block tin. 

James. I thought it had been tin, of which 
Saucepans and otibier vessels used in the kitchen 
bid been made ? 

Tutor. The substance of which these are ma- 
nufactured is iron-plate, with a thin covering of 
tin only. Tin itself is white and brilliant, like 
silver, and is something more than seven times 
heavier than water ; it is very malleable, and 
tDay be beat out into leaves, called tin-foil, not 
tiiore than a thousandth part of an inch thick. 

Charles. Is it easily melted ? 

Tutor. Yes, with a heat about double the tem- 
perature of that of boiling water : a much great- 
er heat is necessary to cause it to evaporate. 

James. Does it imbibe the oxj^'Mv tcwsv S\vfc '^ 
tnosphere ? 
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Tutor. When exposed to the air, it loses Us 
lustre, and assumes a grayish white colour; bnl, 
. when melted in an open vessel, its surface very 
soon becomes covered with a B;r.iy powder, whicb 
is the oxy<1e of tin. If the heat be continoflcl, 
the powder becomes yellow ; of course there 
two oxydes of tin, the gray, or white, and 
low. 

James. Are the osydea applied to any use 
Tutor. The oxjde of tin, mixed with pure 
glassr forms a white enamel; it is also used as 
putty, in polishing steel and glass. 

Quirlei. Will tiu combine with other metals! 

Tator. Yea, with seyeral. You know with 

rciiry it makes an amalgam, which is used not 

only for the purposes of electricity, but for fiill'e^ 
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Jamen. How is it made to stick on glass ? 

Tutor. The tin-foil is laid on a flat poliAftt 
stone, or slab of marble, and on it is spread the 
mercnry ; on this the glass is laid, iind hesvy 
weights placed on the ghuss. The mercury unites 
with the tin and adheres to the glass without any 
other preparation. 

James. Is much mercury used in silvering 8 
looking glass ? 

Tvtar. Two ounces are sufficient for covet- 
ing three siiuare feet of glass 

Equal parts of tin, lead, and bismuth, and tiro 
parts of mercury, make an amalgiim for covering 
carvilinear glasa mirroTa, H.q\Vw« globes are 
filvered with an amalgam cotiaw^iTO^'s^fc^M^raiftV,^ 
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pf tin, and one only of mercury. Tin unites in 
▼arious proportions with copper. 

Charles. To what purposes are the alloys so 
combined applied ? 

Tutor, To the manufacture of cannon, bells, 
various articles made of bronze, and the mirrors 
of telescopes. 

James, Are not the insides of copper vessels 
lined with tin ? 

Tutor, Yes : and the operation prevents the 
copper from oxydating, and thus preserves the 
food which is prepared in them from being in- 
jured by the copper. The vessels thus lined are 
said to be tinned. 

Charles, Can you describe the manner in which 
this is done ? 

Tutor. The inner surface is scraped very clean, 
and then rubbed over with muriate of ammonia ; 
(sal-ammoniac ;) the vessel is heated, and spread 
over with pitch, and while the copper is still hot 
the tin is rubbed over, which gives it a silvery 
brightness. 

James, How is the tin plate, which you said is 
iron tinned over, made ? 

Tutor, By dipping the plates of iron, thorough- 
ly cleaned with sand, into melted tin, and then 
steeping them in water acidulated with sulphuric 
acid. In this way the tin penetrates the iron. 
The consumption of tin in this business is very 
considerable. 

Charles. Are not common \»ina u\a.de. <^^ Wisa* 
tlaned over to make them w\vi\.e 1 



Tutor, Yes : the process is this ; a vessel is 
filled by strntu, or layers, with pliiles oF tin, mi 
brass pins, a tin pldte being uppermost, und ano- 
ther at the bottom. It is then filled wilh water, 
and some tartaric acid, (cream of tarlur,) by 
means of which the tin is dissolved ; and al\er 
6ve or six hours' boiling, the pins are found udI- 
formly tinned. 

JaiiiM. Does the brass precipitate the tJn froin 
the solution 7 

TkIot. Brass is a compound of copper aod 
zinc; it is the zinc that has the alfinity for tlB) 
and, in this case, forms with it the union. 

Ckarlet. Is tin combustible ? 

Tutor. It is : in the shape of leaf it will buiffl 
in oxygen gas before it acquires a heat suffici( ' 
tb fuse it. It is soluble in all the mineral au< 
of course we have the sulphates, muriates,, 
trattiB of tin, &c. 

Experiment 1. You shull see, that the 
acid is decomposed by the oxyde of tin. and red 
fumes are thrown off with rapidity. Now these 
have censed, I will add a solution of poUi^'^s. 

CkarUs. It gives out a strong smell of ammo- 

Tutar. The tin decomposes both the acid aai 
the water ; the nzole of the former combincn 
with the hydrogen of the latter, and fucms am- 
monia, which escapes in the shape of gas. 

Ex. 2. Tin also decomposes the muriate of 
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James. Is the muriate first dissolved in any 
fluid ? 

Tntor, No ; equal parts of granulated tin and 
muriate of ammonia are put into a retort, which 
is to be adapted to a receiver in the mercurial 
apparatus. As soon as heat is applied to the retort, 
a decomposition takes place ; the ammonia is 
disengaged in the form of gas ; the muriatic acid 
combines with the tin, forming a solid muriate 
of tin, which may be decomposed with water. 

James, Is tin applied to other uses besides 
those which you have described 1 

Tutor. The muriate of tin is very much em- 
ployed in the processes of dying; it is the basis of 
the scarlet die : in glazing some kinds of earthen- 
ware tin is used, and in the manufacture of all 
kinds of pewter vessels, and plumbers' solder. 
The metal itself, as well as the white oxyde, 
readily combines with sulphur. The latter com- 
bination was formerly called Mosaic gold, which 
18 ased by japanners to give a beautiful colour 
to bronze, and to articles intended to have the 
appearance of gold. 

Charles. Where is tin chiefly found ? 

Tutor. Much of the best tin is obtained from 
the mines in Cornwall and Devonshire ; it is 
found also in different parts of Germany, and in 
the East Indies. 

With LEAD, which is the next subject of our 
discussion, you are both well acquainted. 
James. Yes, it is a very heavy metal, and 

VOL. IT- ^ 
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softer, I think, than the other metals. Does it 
melt as easily as tin ? 

Tutor, Not quite as readily, but it ms^j.hfi 
made to boil and even evaporate. When expoik 
ed to the air it loses its lustre, and becomes white 
by its gradual combination with oxygen. If melt^ 
ed, and exposed to the action of the air, it be- 
comes covered with a thin skin. 

Charles. Is this an oxyde of lead ; it is what I 
have been accustomed to call dross ? 

Tutor. It is : and, as we have mentioned be- 
fore,* there are four different combinations of 
lead with oxyged. 

James. What is white lead, which the painters 
use ? 

Tutor. It is a compound of an oxyde of lead 
Mi carbonic acid, formed by exposing thin plates 
of lead to the vapour of warm vinegar. Rb4 
lead, or minium, is the third oxyde of lead, fomir 
^d principally by exposing, for a long time, the 
second oxyde, or massicot, to heat, during which 
it absorbs a larger quantity of oxygen. 

Charles. To what have the oxydes been ap- 
plied ? 

Tutor. They are all easily converted into 
glass, and in that state combine with the other 
metals, except gold, silver and platinum. This 
property renders them useful in separating gold 
and silver from the baser metals. 

James. By what means is the operation per- 
formed ? 

* See vol. i. 
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T^or, The metal to be purified is melted with 
lead, which is gradaally vitrified, and sinks in the 
yessel, carrjing with it all the metals which were 
mixed with the gold and silver, and leaving these 
metals on the cupel in a state of purity. This 
process is called cupellatian* 

OUir/ex. What do you mean by a cupel ? 

Tutor* A vessel formed with a mixture of cal- 
cined bones and clay. — See the Index. 

Jatnes. Is the lead of any use afterwards ? 

Tutor, It may be extracted, and is known by 
the name of litharge ; hut the best litharge is 
made by oxydizinglead, and increasing the heat 
till the oxyde is fused. 

Charles. Does lead combine with the other 
metals? 

Tutor. It will with most of them ; the alloy 
of lead and copper is employed for the purpose 
of making printers' types, for very large charac- 
ters. Lead and tin make pewter, plumbers' sol- 
der, &c. 

Jaines. Dotheoxydes of lead readily give out 
their oxygen again ? 

Tutor. Yes, by the application of heat ; and 
still more readily when distilled with sulphuric 
acid. 

Charles. How is the process conducted ? 

Tutor. Pour concentrated sulphuric acid pn 
the red oxyde of lead, contained in a proper gas 
bottle, and let a gentle heat be applied ; the oxy- 
gen gas will come over, and may be preserved 
for use. 

S89774\\ 
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The oxyde of lead decoraposes muriate of soda. 

Experiment. Mix two parts of finely pow- 
dered red lead with one of common salt, and 
form the whole into a paste with water ; the ftl- 
kali will he disengaged, and the acid will unite 
with the oxyde of lead. If the alkali is washed 
off, and the mass dried and fnsed in a crucible, 
it will form a pigment, called patent yellow. 

James, Lead is a very useful metal ; from it 
water-pipes and cisterns are made, and houses 
are covered with it. 

Tutor, The salts of lead too, which are nu- 
merous, and the oxydes also, are employed in 
many of the arts of life, such as dying, calico 
printing, glass making, and in glazing eartheti* 
ware, &c. 

You have seen a silver tree ; I will show you 
how to form an imitation of one in lead. In 
this bottle is a solution of acetite of lebd in 
water, in the proportion of about forty parts of 
water to one of lead ; I will suspend in it u 
^little ball of zinc, and leave it undisturbed. — 
"^ The zinc, as you will see, will soon be co- 
vered with a moss-like substance, which in- 
creases gradually, shooting out into a sort of 
leaves that rjinge themselves ihto something of 
the shape of a tree. 

Charles. How is this experiment explained ? 

Tutor, If you look into any table of affinities, 
you will see that zinc has a greater affinity for 
oxygen than lead ; the zinc, therefore, takes 
^ie oxygen from the acelite oi \e^d, 

k 
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Jam/es. Does the lead return to its metallic 
stsOe? 

;> J'utor, It does : and by the laws of attrac- 
tiop unites itself to the zinc in the manner as 
you see.(o) 

Charles. Where is lead found ? 

Tutor, It is generally found in the veins of 
rocks, combined with silver, antimony, sulphur, 
bismuth, &,c. When combined with sulphur, 
the compound is then called galena, 

James. Is not lead, when taken into the 
stomach, a poison ? 

TtUer. It is : and, when dissolved ia acids, 
it imparts a saccharine taste to substances with 
which it is mixed ; and on that account hiis, 
either through ignorance or roguery, been in- 
fused in stale wines, to render them pleasant 
to the<taste, and vendible. 

Charles. In this state is it culled sugar of lead? 

Tutor. Yes : but its proper name is acetate 
of lead, the metal being' dissolved in acetic acid. 
This, and all the soluble salts of lead, are de- 
composed by sulphuretted hydrogen gas. A 
letter, therefore, written with a solution of ace- 
tate of lead^ becomes legible on exposure io 
this gas. 
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CONVERSATION XIV, 



Of Nickel, ZinCy and Bismuth. 

TUTOR, Nickel is a fine white metal, re- 
sembling silver ; and, like that metal, leaves a 
grayish trace, when rubbed upon the unpolished 
durfaCe of plate glass. Here is a specimen.. 

James, 1 think it does not seem so heavy 
as lead. 

Tutor, The specific gravity of nickel is about 
nine times greater than that of water. It is 
pialleable while cold, but it cannot be heated 
without imbibing oxygen, which makes it brittle. 
It is not easily fused. It is now ascertaiaed, 
that this metal is magnetic, and may itself be 
converted into a magnet. 

Charle9, What appearance has th^ oxyde of 
nickel ? 

Tutor. When heated in an open vessel, it 
combines with oxygen, and assumes a green 
colour ; afterwards it acquires a tinge of pur- 
ple, which gives to porcelain a beautiful and 
indestructible grass green. 
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James. With what suhstances will nickel 
combine ? 

Tutor, With sulphur and phosphorus : it is 
dissolved by the nitric and nitro-muriatic acid. 
The nitric solution has a grass green colour ; 
and carbonate of potass throws down a green 
precipitate, which assumes a dark gray colour 
when heated. It combing with gold, copper, 
iron, tin, and lead. 

Charles. \Fot what purposes is nickel em- 
ployed ? ^ 

Tutor. It is not brought into use among us, 
but in China it is combined with copper, and 
applied to many uses. The difl&culty of Work- 
ikigitisthe circumstance which has prevented 
nickel from being introduced to more general 
notice. 

Zinc is another brilliant white coloured metal, 
composed of a number of thin plates adhering 
ti^ether ; its specific gravity is about seven 
times as great as that of water. It i» malleable ; 
and it has been lately discovered, that it may 
be drawn into thin plates, and into wire, which 
was formerly doubted. 

James. Is zinc easily melted ? 

Tutor. Yes, by a very moderate heat ; and 
the fused mass, on cooling, forms regular crys- 
tals. When ignited, it is rapidly oxydized. 

Charles. Is it acted upon by the air ? 

Tutor. Its lustre is soon tarnished, but it 
undergoes very little change from the action of 
the atmosphere. When kept under water, its 
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surface soon becomes black ; the water is de- 
ooTDpoEed, hydrogen gas ii emitted, and Ibc 
oxyE^en combines with the metal. 

Zinc, kept melted in an open veEsel, is boOu 
covered with a pellicle, in coosequence of ili 
combination with oxygen. When this skin u re- 
moved, another soon succeeds ; and in tbi^ man- 
ner the whole zinc may be converted into an 
oxjde. 

James. Is zinc combuatible ? 

Tutor. It is very combustible ; when thrown 
into a crucible, and heated to whiteness, it sud- 
denly inflames, and burns with a beautiful white 
Home. The ojyde sublimes in the form of carded 
wool ; it has been called pliiloso|]hical wool, and 
by others the flowers of zinc. 

Charles. Is there only one osyde of zinc ? 

Tutor. There are two, the white and the yel- 
low. The solution of zinc in sulpharic acid 
shoots into regular crystals. This salt is soluble 
in water, and Is not precipitated by any other 

James. Do sulphur and phosphorus combine 
with zinc ? 

TidoT. They do. Blende is found to be asul-. 
phuret of zinc ; the phosphoret may be foro """" 
by dropping small bits of phosphorus into x 
while in a state of fusion. Zinc combines, i ' 
in the state of an oxyde, with sulphur and p 
phorus, forming therewith sulphuretted and p 
pboretted oxyde of zinc. 
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0iarles. Will zinc combine with the other me- 
tals ? 

Tutor, It will with most of them ; one part of 
zinc and three of copper form brass. When the 
alloy contains three parts of zinc and four of cop* 
per, it is pinchbeck. Tin and copper, with zinc, 
form bronze. Iron plates may be covered with 
zinc instead of tin. 

James, How is zinc obtained ? 

Tutor, It is not found in Europe in a state of 
purity but is extracted from calamine, or lapis 
calaminaris, and other ores* 

Charles. By what means ? 

TuU^r, The calamine is pounded, and put in 
pots, with charcoal, into ^ furnace, and the heat 
drives off the zinc, which, by another operation, 
is reduced to the metallic state. 

James, Does zinc, with the acids, form salts ? 

Tutor, It does with some of them : the ace- 
tate of zinc, formed of the flowers of zinc and 
acetic acid, is used in medicine externally, in ca- 
ses of inflammation. The sulphate of zinc oc- 
curs in some mineral waters : this salt^ known 
in conmierce by the name of white vitriol, may be 
substituted for white lead in painting. 

£speriment. Zinc will decompose nitric acid, 
asy^u ^hall see : I will put some granulated zinc 
in » Florence flask, and pour over it weak nitric 
acfd ; , a strong effervescence will take place, and 
nitrous gas is disengaged. 

Charles, Zinc, I believe, is iVife TSi'^\s\ ^\ysnkx- 
pally used in the experiments o£ GAn«kvsc^- 
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Tutor. Itis: iuitl with mercury aod tin itmalceE 
one of the be<!t nmalgams for the purposes of 
electricity. The lihngs of zinc are mixed with 
gunpowder to produce the brilliant stiirs in arti- 
ficiid fireworks. 

BtsHUTH is of a reddish white colour, and is 
composed of plates adhering to each other : the 
specific gravity is almost ten times greater than 
that of water. It is in a small degree malleable, 
but it cannot be drawn into wire. 
Charles. Can it be easily melted 1 
Tutor. It may, at a temperature of 460" ) and. 
if the heat be much increased, it evaporates : af- 
ter fusion, if allowed to cool slowly, it crystalli- 
zes in parallelopipeds, which cross each other at 
right angles. Bismuth inlliimes, when thrown 
into oxygenized muriatic acid. 

Jamei. Are there any oxydes of bismuth ? 

t There are two, the brown and the yel- 
' air takes away the lustre only, bttt 
^ jyde is obtained by keepinj^ the metfS 
^^elted^in r® open air, and the peUicles taken 
off as soon."^ formed. When it is raised to «■ 
strong red 'tl^i it takes fire and burns with « 
faint "blue flaij^. and emits a yellow smoke, 
which is^uowiHr, and the second oxyde. 

CkarleTritlfi the oxydes applied to any uses 1 

Tutor. Thrtsecond oxyde, when formed white 

by means of thS nitric acid, is used as a pigment, 

under the name of pearl white ; but its colour 

IS chaaged by sulphuretted b^drogen. B( ' 

oxydea are easily convertei into ^a** ■, 5\'i\\ft 



may be reduced to Itie metallic state, when heat- 
ed with charcoal and other combustible bodies. 

experiment. Mix together one part of the 
oxj'de of bismuth and two of muriate of ammonia, 
aad distil them in a glass retort, furnished with ' 
a receiver, containing a little water ; the am- 
^nia will pass over and be absorbed by the wa- 
ter. What is left in the retort is the bismuth 
tfdmbtoed with muriatic acid, or a muriate of bis- 
muth. 

James. Does bismuth combine with sulphu 

Tailor. It does : the sulphuret is ofagrayisb 
colour, and crystallizes into beautiful tetrahe- 
liral needles. The sulphur is less fusible than 
the metui itself. It combines with most of the 
metals. When eight parts of bismuth, live of 
lead, and three of tin, are melted together, anal 
loy ie obtained, which melts in boiling water. 

Cliarha. To what uses is bismuth applied ? 

Tutor. It is used in the formation of printers* 
types, and to make pewter. Bismuth Itjrms thtf: 
basi? of a sympathetic ink. The acetic acid 
must be employed for the solution of the metal. 
Characters written with this lolotion becomo. 
risible when exposed to sulphuretted hydrogen.. ~ 
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oxyde. This being fused by a sirong heat, run." 
into a glassy substance, uad is called the glass of 
antimony. 

Another combination of antimony is by boiling 
the native sulphurct, reduced to powder, with 
pure potass. The solution deposits, on cooling, 
a hydro -a ulpbo retted oxyde, called KermesMini- 
ral. A similar compound, but with a larger pro- 
portion of sulphur, was formerly called the gold- 
en sulphur of antimony. 

James. Does Butimony combine with the othei 
metals ? 

Tutor. With most of them ; but the greater 
number of alloys have not been applied to ui 
practical purpose. Equal parts of antimony m 
copper, fused together, produce a mostbenut^ 
violet coloured flloy, formerly called regulut | 

The alloy of tin and antimony is employed for 
making the plates on which music is engraved. 
Sixteen parts of lead and one of antimony form 
an alloy from which the greatest part of printers' 
types are made. 

diaries, ts Dot antimony used very much in 
medicine ? 

Tutor, It combines with several of the acids, 
forming salts that are applied in various ways, 
and with the greatest efficacy in cases of extreme 
difficulty. Tartar emetic is composed of tar- 
trate of antimony and tartrate of potass ; and 
James's powder is a componuA ot which antimo- 
^i0 the priavipal iagceAVent, 
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Antimonial preparations are frequently givCt. 
to horses, and other' parts of the brute creatioi^ 
Antimooy may therefore be deemed a metal o 
rerj great importance. 

James, Where ia antimony found ? 

TvXor. It \i obtained from an ore, which is 1 
abundant in some parts of Germany and in Nor- [ 
way. The ore on the large scale is purified by 
expoiare to a strong heat in a revcrberatory fur- 
imee. By this process the aulphuret is separatee 
from the earthy matter : it is then devested ofits 
sulphur by roasting, leaving the metal in the statft, 
of an oityde. 

James. What is a reverberatory furnace ? 

Tutor. Here is the representation of oi 
is composed (see Fig, IS) of an ash-hole, 
destined to give circulation to a current of ai 
and to receive the ashes ; a fire-place, a 
tttted from the ash-hole by a grate, c 
dftrae and chimney, which is moveable ; it servfl| 
to reflect the flames on the retort o, the oeck a 
which is inserted into the balloon e. On the to^ 
of the brick-work, near the corner, is a 
hole, serving as a register. 

Telluridh, in the metallic state, ia of a bluish \ 
white, intermediate between that of zinc anft J 
le»d ; its texture is laminated like antimony, and I 
its Bpecilic gravity is something more than si 
time« greater than that of water. 

Omrltt. Is it brittle, like anlimon-j ^ 

1\Kor. h is. anil capable of beVn'^Tei'o.cc-S'^ 
powder; bat it melts when laisei Ici 3. X.ft'sa?*^''''^* 
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tore EOBiewhut higher tlian Ibe fuaiag point 
lead ; and, if tlie heat be then increased, it be 
avaporatee, anJ attaches itself, in brilliant drc 
to the upper part of the retort in which t 
periment is made. When cooled it crystallize 

James, is it combustible ? 

Tutor. When esposed to the action of the 
blow-pipe upon the charcoal, it takes tire, anJ 
buFQE with 3 lively bine flame, and is completely 
Tolatilizeii in tbe form of white smoke. This 
smoke is an oiyde of tellurium, which may be 
obtained by dissolving the metal in nitro-murial' 
acid. 

Jatnei. Do you mean such a blow-pipe as & 
referred to before ? 

Tutor. That may be used ; but I will shO^ 
you a self-acting blow-pipe, e (Fig. 12) iai 
hoUow sphere, which contains alcohol ; it n 
on the shoulder g ; the tube a is continued w 
in tbe sphere almost to the top, and serves 1 
conveying alcohol, in the state of gas, to t 
flame at o. 

CJutrles. Is tbnt a small lamp ? 

Tutor. Yes: the heat of which causes the al- 
cohol to boil, and to come over through the tube 
in the shape of gas ; this being conveyed through 
the wick is inflamed, and produces a heat s "" 
ciently strong to burn or melt any thing. At 
top of the sphere is n safety valve, x, to preverij 
accidents, which might occur from a too suddejf 
^ypanaion of Che fluid within. The lamp i 
sable between two pillars, so that the flam 
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may be brought nearer to, or carried farther 
from, the vessel containing the alcohol, as cir- 
cumstances may require. The opening is that 
by which the alcohol is introduced into the 
sphere. 

Charles, Does tellurium combine with sul- 
phur ? 

Tkitor, It does : and the sulphuret burns with 
a blue flame. It may be reduced to an amalgam 
with mercury. 

James, Where is tellurium found ? 

Tutor, In the state of an ore in the mountains 
of Transylvania. 

We proceed now to arsenic, which, though a 
most deadly poison, possesses many properties 
deserving of attention. 

James. Is not arsenic a white powder ? 

Tutor. What is called arsenic in the shops is 
the white oxyde of arsenic ; from this, however, 
the pure metal may be obtained. In the metal- 
lic state it is of a bluish white colour, not unlike 
steel : when heated it smells something like gar- 
lic. It is eight times heavier than water. 

Charles. In this state is it easily oxydated ? 

Tutor. Yes : by the mere exposure to the at- 
mosphere it is changed into a blackish oxyde. I( 
is the most brittle of all metnls, and is readily 
pulverized. 

James. Does it easily melt ? 

Tutor. The melting point is not clearly asrtr- 
tainedy because it is so volatile that it sublimcM 

10* 



114 CUEMISTRr. 

without fusion, when exposed in close vessels to 
a heat of 540^ of Fahrenheit. 

Charles. How is the oxyde of arsenic obtained ? 

Tutor, The metal, when exposed to a mode!^ 
rate heat in contact with the air, sublimes in the 
form of a white powder ; this is the white arse- 
nic sold in the shops. It exists native, and is not 
often prepared by chemists. It possesses many 
properties of the acids. It combines with most of 
the metals, and renders them brittle. 

Arsenic is capable of combining with another 
dpse of oxygen, and forming a pcroxyde, or, as it 
is generally called, the arsenic acid. 

Charles. In what respect do these oxydes re- 
semble acids ? 

Ttitor. They redden vegetable blues : they 
combine with the pure alkalies to saturation, and 
the compounds have accordingly been denomi- 
nated arsenites and arsenates ; the first oxyde 
having been called arsenows acid, and the second 
arsemc acid. 

James, Does sulphur combine with arsenic ? 

Tutor. They may be combined artificially, but 
the sulphuret of arsenic is found native in differ- 
ent parts of Europe, and in that state it has been 
called realgar ; it is of a scarlet colour, and has 
been used as a paint. Arsenic combines also with 
phosphorus. 

Charles. Does it enter into combination with 
the metals ? 

Tutor. It does with most of them, and renders 
ibem brittle and fusible . 



^El'lie oxydes of arsenic, ia solution, are disco-' B 
reied bj sulphuretted hydrogen, which produc^H 
H yellow precipitate. H 

JamcM. Is arsenic combustible 7 I 

TutoT. In the metallic slate, if it be tnflamed|^| 

it. will burn very brilliantly in oxygen gas. ■ 

OtarUs, Do the mineral acide act upon arse -J 

TiUor. In a small degree only, unless they area 
heated. In oxygenized oiurialic gas it burns fl 
with great rapidity. ^^ 

Experiment 1. .K mixture of oxymuriate of^B 
potass and arsenic forms a detonatiDE; coni[iound, 1 
which lakes lire with great rapidity. The salt I 
aitd metallic osyde maybe mixed by stirriui: them* I 
togetberun paper with the point of a knife, If 1 
two trains be laid on a table, the one of gunpow- J 
der, and the other of this mixture, and theqfl 
brought in contact with each other at one end.JH 
■0 that they may be tired at once, tlie arsenicBl^ 
Hfiltore burns with the rapidity of lightning, V 
wUle the other burns, in compariaoD, but slow- J 

"?■(«) 1 

Ex. 2. A small piece of metallic arsenic, pla- 1 
red between two plates of copper, and these I 
boand together with iron wire, and heated to red- J 
ncK, the insides will be covered with a white co- I 
lour. 1 

Ex. 3. Tin, dissolved in arsenic acid, g^ves J 
not an inflauimabie ^s, consisting of b^d\t:i^}t^l 
gas holding some arsenic in Bo\\it\on -- SI »■ ^^^^8 
of this gas, issujng from a bVadie,T , to.^-^^ '"''^H 



EtlB CHEUISTRV. 

' Stop-cock, be set on fii-e in a large receiver Glle 
with oxygen gas, it burns nith a blue flame of ua 
coDunoD splendour. 

Arseuic destroys the mt^netic virtne of 
and of all othei' melals susceptible of that virtn< 

James. To what purposes is arsenic employed 

Tatar. In its metallic state it enters into tit 

composition of several alloys for the formatio 

of specula : it is used in making small shot, 

render the lead more capable of ruDiiiog in 

grains. It is employed, like many other meta! 

in dying and calico-printiog : it enters into th 

composition of some sorts of glass, and it form 

several excellent pigments. It is moreovei 

in medicine. 

■ ' Cliarles. Is it not a dreadful poison ; how the 

Kbsd it be given io medicine ? 

^t" T\itoT. In very small quantities it haS be^ 

PJrescribed with the happiest effect in the moi 

inveterate agues. 

James. If arsenic should be taken in mistali 
by any person, is there any remedy against i 
deadly effects ? 

Tutor. The best thing that can be prescribt 
in such circumstances is the sulphuret of potas 
dissolved in water. 

Charh). Where is arsenic found ? 

Tutor. In various parts of Germany, prind 
pally combined with the cobalt ores : it is somQ 
fiines found in iron and in copper orea. 
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CONVERSATION XVI. 



Of Cobalt^ Manganese, and Tungsten. 

# 

' JAMES. Pray what is cobalt, to which yoti 
alluded yesterday ? 

Tutor. It is a grayish coloured metal, some- 
times composed of plates, sometimes of grains, 
aod sometimes of very small fibres adhering to 
each other, obtained from a heavy mineral ore. 
that has been used in many parts of Europe, al- 
most for three centuries, to tinge glass of a blue 
colour. 

Charles. What are the principal properties of 
this metal 1 

7\itor. Its specific gravity is about eight times 
as great as that of water ; it is brittle, and may 
be fused, but it cannot be evaporated : it i^. at- 
tracted by the magnet, and may be converted in- 
to a magnet. 

James, 1 think you said tViCi co\>^\. ^\^'5» ^^sa^ 
taia arsenic. 
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Tutor. They do ; aod the soparatioa of tJie 
Iwo metalii is, in Sa«ony, where the ores are 
priQcipntly found, performed only by persons 
who, lor crimes, are condemned to death. 

Charles. Is it a very dangerous buainesB 1 

Tutor. So much bo, that the poor wretches 
doomed to the employment seldom survive many 
years. 

James. Is cobalt converted to an oxyde by be- 
ing exposed to the uir 7 

Tutor, It undere;oes no change from the air, 
when cold, nor from water ; but kept red hot in 
an open vessel, il imbibes oxygen, and is con- 
certed into a powder, at first blue, but after- 
Wards it becomes almost black. Iftheheatbe 
very great, the metal takes lire and burns with a 
red flame. 

Charles. Is there only one osyde of cobalt t 

Tutor. Yes : it is capable of combining with 
three distinct doses of oxygen, and of forming 
three different osydes. Cobalt, when osydiz- 
ed, ie the basis of ziiffre, which, when fused, 
forms a blue glass ; and this, when ground and 
washed, is the substance denominated small, i *~ 
in painting and enamelhng. 

James. What acids have the most action c 
cobalt ? 

'J\itor. The beat solvents of this n 
nitric and nitro -muriatic acids ; from these soltq 
tions sympathetic inks are formed. 
(Carles. IVJiat are the proporiAQM used it 




One part of cobalt, or its osjde z 
mny be djgesteil ia a sudiI bent for some hours, 
with four parts of nitric acid. To the solution ' 
one part of muriate of soda is to be added, and ] 
four parts of water. 

James. Are the charactera to be written witb> 
this solution ? 

Tutor, Yes : and they are perfectly illegible' 
when cold ; but, when a gentle heat is appliediJ 
they assume a beautiful blue or green colour.j 
Hold this paper to the fire, 

Charleg. There appears nothing on it : 
trunk and branches of a tree begin now to s 
themselves : and now it is covered with a beau- 
tiful foliage. 

Tutor, (t requires only a little skill in draw.'j 
ing with this solution, and you may entertaiiq 
your young friends io a thousand different wayn 

James. What is meant by a sand heat ? 

TiHoT. A heat greater than can be given bM 
boiling water. Vessels filled in part with dij 
sand, and heated by means of furnaces, arc 
ed »onrf baths, see Figs. 1 — G. 

James. Does cobalt combine with the other'J 



letals ? 
Tutor 



With most of them ; the alloys, how- J 
! but little known, and are not much ii' 



Charlts. From what country does cobalt c 

Tutor. It is very abundant inottroT^^, 

mersetsbire and in Cornwall. \\.\% ftwi^'S a 

vdler, that the cofaaJt ores of H.esae,VttG.e« 
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which at present produce 14,000^. per anQum. 
were formerly reckoned of no other account 
than for repairing the roads. 

We now come to manganese, which is nerer 
found in a metallic state ; but the metal is easi- 
ly obtained by a chemical process from the oi- 

James. Is the mineral then a metallic oxydo ! 

Tutor. It is ; and the metal obtained from it 
ia of a grayish-white colour, rather brilliaiit: i)s 
texture is granular, and its specific gravity is 
about seven times greater than that of water.- b 
18 neither malleable nor ductile. 

diaries. Does the air act upon it ? 

Tutor. It attracts oxygen more rapitUy thwi 
almost any other body. It loses its lustre im- 
mediately, and changes by degrees from gray m 
black. These changes take place more rapidlj 
if the metal be heated in an open vessel. 

James. How many oxydes of mangauese arc 
there 1 

Tutor. It is capable of combining with three 
different proportions of oxygen, and of fonuii^ 
three distinct oxydes, the white, the Ted, anil 
the black. The two former are made artlli- 
cially, the last exists abundantly in nature. 

Otarles. Is manganese generally found <ii 
this state ? 

Tutor. Yes : and to the black oxyde the ap- 
pellatioa of manganese viaa oti-^inaUy applied. 
James. I believe *\t "» tTOTn \\\v* =\\\is\.'j 
tbftt oxygen gas ia obt^PiS^ 



Tulor. This osjde is composed of three 
of manganese and two of oxjgen ; and, wb 
heated to redneita in aa earLheo retort, it git 
out abundance of osygen gas, which is read 
collected. 

('■harles. is this osjde easily melted ? 

7\ttor. It requires a very violent heat, a 
then it is cooverted into a green coloured glaa 

A wind furnace [Fig. 15) is well adapted to 
porposeB that require great heat. This figure 
represents the section of a wind furnace : * is 
tte aah-hole, b the grnte, c a crucible placed 
On the grate ; f is a stouc to cover the upper _ 
part of the fire-place, and d is the chimney ; 7 
the longer the chimney the greater is t' 
Tent of air. 

Jnme!'. By what means is the air conveyei 
lo the fire ? 

Tutor. By a long tube, through wliich t 
air is conveyed from a distant cool place, eithen 
hnrij:oiitaliy, or perpendicularly, underneath 
the furnace. 

James. Is the metal soluble in the acids ? 

Tutor. Yes : but most readily in the nitrou»>| 
acid. It is precipilated by alkalies, in the form 
of white powder. It combines with the other I 
tnctnls, and is scarcely ever found hut mixeil , 



rles 



vith i' 



Experiment. When powdered manganese 
md nitre arc mixed together, and VJcniywawfts 
rfed hot cr'inble, the nilrxc ».t\i tt &fet*fl 



lod a compoiinil of his;bly oxydiz 
ivitb potass is obtiined. 

Charles. Are there anj pi'ciiliar propcrtie^il 
ettiicliiug to this compound ? 

Tutor. It exhibits different colours, 
ing to the quantity of water that is added t( 
A small quantity gives a green solution ; 
more cbanges it to blue ; some more \^ __^ 
purple. The experiment may be varied by 
putting equal quuntitiea of this substance into 
two gla-ts vessels, and pouring on the one hot. 
and on the other cold water ; the same materiitl, 
with water of diflerent temperatures, assomqi 
various shailes of colotir, and on that accounCi| 
has been called the chumeleoji mineral, 

Jameg. Where is mans^nese foimd ? 

Tul'iT. In the state of au oxyde in the Mel 
dip hills, in Somersetshire, and in some partsij 
llevonshire. It ,ibounits likewise in Ainerig|. 
add on some parts of the Eiiropenu continent. , 

Charles. To what useful purposes has it beeR^ 
applied ? 

Txtlnr. Besides giving out abundance of oxygenfl 
^9 to the chemists, it is used in bleaching, a 
in the manufacture of glass. 

Tungsten is another metal, obtained Irora^ 
mineral found in Sweden: in its metallic i 
it is Bometliing like iron, and is rather brilliaa 
It is one of the hardest of alt metals ; i 
lac gravity is more than seventeen times greatrtl 
^■thau that of water. 



e proportioa 
□iting with two dif 



'^James, It li the heaviest ot' ull metaU tixn, 
except gold and platinum. 

Tutor, It IE ; and it requires a very h%li 
temperature to fuse it. It is not acted apon lij 
the magnet. 

Charles. Does it absorb oxygen I'l 

Tutor. When heated in an opeo vessel it 
attracts the oxygen, and is converted 
oxyde. 

James. Does it combiae 
of oxygen only ? 

Tutor, It is capable of 
ferent proportions, and forming niUi them 
black and yellow oxydes. The first, or black 
oxyde, is obtained by heating the yellow for 
fome hours in a covered crucible. Tl 
roxyde, or yellow oxyde, known also by the 
name of tungstic acid, is found native in wol- 
fnun, and may be obtained from it by boiling 
three parts of muriatic acid on one part of wol- 
fram. The acid is decanted and allowed to 
settle. A yellow powder gradually precipitates, 
which is to be diBSolved in ammonia ; the solu- 
tion is to be evaporated to dryness, and the 
mass kept for some time in a red heat. It * 
then yellow oxyde. 

Charles. What are the properties of the tung- 
stic acid ? 

Tutor. It agrees with other acids in com- 
bining with the alkalies and earths, and forming 

' b them salt?, called tmii^slaVcs, 
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CONVERSATION XVI [. 



Of Molybdenum, Uraniumy Titanium, Chromtumt 
Columbiumy and Tantalium, 



TUTOR. We shall this morning easily fioiBh 
our account of the metals. Molybdenum is a 
metal of a whitish yellow colour ; its specific 
gravity is between seven and eight times greater 
than that of water. At present it has been ob- 
tained only in very minute grains, and these 
are nearly infusible. 

James. What is the nature of the mineral 
from which it is obtained ? 

TtUor. It is composed of scaly particles ad- 
hering slightly to each other. It has a strong 
resemblance to lead ; from thi($ mineral were 
obtained sulphur, and a whitish pmvder, which 
possessed acid properties. The powder at 
length proved to be a metallic oxyde, from 
which moljbdeaum was extracted in small par- 
yiicles. 



Churlcs. The mctiil is, in tliU i(is(a.nce, proc; 
red from the oxjde ; cun the operation be « 
versed, and the oxyde be obtained from the me- 
tal ? 

Tixtor. If it be exposed to heat in an open ves- 
sel, it gradually' combines with oxygen, and is 
converted into a white oxyde, which is volati- 
lized in Bmall brillinnt needle form crystals. 
This osyde resembles the powder from whicit 
the metal was obtained, and is known by the 
name of molybdic acid, which is more than three 
times heavier than water. 

Jainea. Can the acid be dissolved in water ? 

Tuloi: Yes. in a large quantity ofboiUngwi 
ter, which will redden litmus paper. While i 
solution, it is easily precipitated by the sulphi 
ric, niti'ic, and muriatic acida. When heated : 
a close vessel it melts and crystallizes ; but, i 
an open vessel, it sublimes in white smoke, whii 
attaches itself to cold bodies, and 
form of brilliant yellow scales. 

Charles. Does it, like other acids, combine witb 
the alkalies and earths ? 

Tatar. Yes ; and also with several metallitf 
^des ; the salts thus formed are called molyb- 

w'Jamn. Does the oxyu;en combine with thfl 
■ J in a single proportion only '? 

'^lor. Molybdenum is ■:iipable of combiningf 
b four different proportions ot'QX^^^w,wQSi 
■Dii^four oxydes, viz. lViftb\»K,lfi.,'yTO.ft,^' 
\i yellow et white. 

n* 
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Charles. Ai sulphur v/as found combioed villi 
molybdenum in the mineral state, it may be ima- 
gined the metal wilt also unite with it. 

Tutor. It will ; and also with phosphorus. 
furmiDg with them sulphurets and phosphorets. 
it may be combined with some meliite, but tbe 
alloys bave not been examined. 

James. Do the mineral iicids act iipoo thie me- 
Ul? 

Tutor. The nitric, nitro-murialic, and oxymu^ 
rialic acids do : the others act upon its oxydes, 
and aRbrd blue solutions. 

The moljbdic acid combines with tbe iilkalies 
and the earths : it precipitates the nitrated of 
silver, mercury, and lead ; liie muriate of U 
and nitrate and- muriate ofbarytes. 

Experiment. A small rod of kluc, or punS 
is acted upon by a solation of the acid, n* 
becomes blue in cousequeoce of the lo&9 i 
portion of its oxygen. 

Uflaniuh i» the next metallic substance 'to,^ 
noticed. 

Charles, By its name I should suppi 
was one of the substances that came ironi|| 
clouds. 

Tutor. The name was eivcn it after th^'l 
planet discovered by Dr. llerschel, whlchft 
German astronomers would wish to d^tfmi; 
Uranus (Oiffaitt.) The tjietal is obtained i 
a mineral found in Sasonj, whirh was at 
called peek blende. 



James. Is it an ore of zioc ? 

Tatar. You might well imagine this ; but 
texture nnd epecllic gravity prove that it ij nc 
blende. It is' found to consist of sulphur, cc 
Lined with a peculiar metal which is called ui 
nium. It is of a dark gray colour, somewhat ioeliai 
ed to brown, obtained in grains, forming a poroui 
mass. It is between six and seven times heavier 
than water, nnd requires a stronger heat to i\iii 
it than manganese. 

Charlts. Can it be converted into an oxyde ? 

Tutor. By me;iQs of nitric acid it maybe con- 
verted into a yellow powder, which is the yel- 
loiic oxyde of uranium. The mineral, from which 
the metal la obtained, is a native sulphuret o! 
umnium, and the metal itself may be made ( 
combine with sulphur- 

TiTANiuM is a metal obtained from a miner 
fouad in Hungary, called redshorl or litanUi 
the £!ime substance is obtained in Comwal 
where it is denominated menachanite. Little 
known respecting this substance. 

Jaifiei. What are the properties by which it 
liiiitiMguishGd ? 

Tatar. Its colour ir! an orange-red, having* 
■^ooddeal of lustre : it is one of the most infusi'' 
ble metals, requiring more heat (o melt it tha» 
CUD well be obtained : it tarnishes by exposure 
lo the atmosphere, and is oxydized when heateT 
with an access of air. It is capable of forminj 
three difi'erent oxydes, the bhie, \X\t TtA, mA'Sb 



PlStl CMEMISTn^. 

HOHiuM is a metal obtained I 
IcnowD by the name of read-Uad-ore ofSibi 
which is fonnd to be a combination of tbc oi 

I of lead and an acid with a metallic basis. (a) 
Oiartea. It is from this acid that chromiui 
■btaioed 1 
i Tmor. It is ; and, when obtained, 
fa very brittle, infusible, and fixed. 
r JamfK.- Will it combine with oxygen 
■ Tvlur. Yes, in different proportions ; and 
Biem it ibrms three oxydes, viz. the green, the 
brown, and the yellow. 

Charles. Do the acids act upon it 
Tutor. The nitric acid converts the metal 
chromic acid, which combines with the alkal 
The alkaline chromatea precipitate the 
lead of a beautiful yellow colour. Mercury IS 
thrown down of acinnaku* red colour ; silver of 
acarmine red ; and all its metallic comljiuatione 
are distinguiahed by a peculiar brilliancy of 
colour. The etntrald derivp-i its colour from the 
axyde of chrome, and the ruby from the acid. 

CoLUMBiuH is a metal discovered in a mineml, 
belonging to the British Museum, liiipposed to 
biive been brought from MassachuselN, in North 
Anierica. 
Jairees. Of what is Ihe mineral found lo consist? 
Tutor. It is composed of one pari ofoxyde of 
iron, and about three parts of a white coloured 
substance, which possesses the properties of an 
tcid, composeti of oxygen vmited to a 
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Oiarles. Has the acid been converted to a me 
tollic state ? 

Tutor. Hitherto it has resisted all attempts for 
this purpose. It combines with the sulphuric 
and muriatic acids ; it unites also with the alkahes. 

Tantalivh is a new metal, discovered as g 
component part of two miDcralsfooDd in Finland. 

James. What are the minerals called ? 

Tutor. The first is named tantalite, nearhr 
eight times as heavy as water ; the second la 
named yttrotantalite, about five times as heavy 
water. 

Charles. Was a metal extracted from each 
these? 

. Tutor. From each of these was extracted « 
white powder, proved to be an oxyde of a metal 
and from the osyde was obtained the metal itseU 
which has the metallic lustre externally, but with 
in it is black and destitute ofbrilliaucy. 

Cerilm is another new metal, -which takes its 
name from the planet Ceres, which was disco- 
vered about the same time. 

James. Where was this discovered ? 

Tutor. Id Sweden, in a mineral, which is sup- 
posed to be an ore of tungsten, and named ceriti 

CJiarles. Was it obtained in large quantities ? 

Tutor. No : in a small globule only, whicb 
was harder, whiter, and more brittle than 
Cast iron. 
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CONVERSATION XVItT. 



Of Salts. 

CHARLES, I imaging, from what we heard 
in these chemical lectures, that there are a great 
many salts, though I had formerly thought tibe 
term was confined to the salt with which our 
food is seasoned. 

Tutor. Originally the term was confined to that 
substance, which has been known and in use 
from the remotest antiquity ; this substance, jod 
know, is now denominated muriate of soda. 

James. What, then, are we to reckon under 
the rank of salts ? 

Tutor. We may, speaking mineralogically, 
comprehend under them all the combinations of 
acids and alkalies, which exist in the mineral king- 
dom ;(a) of these there are several species, under 
the genera potass, soda, and ammonia. 

Charles. What are the species of potass ? 

Tutor. There is but one, viz. nitrate of 
potass, or common salt-petr^, which is found en- 
crusting the surface of the, earth in the East- 
Indies, and other warm countries. 



tre, or salt-petre, for I believi 
Ihey mean Ihe same tiling, found on the sur 
fece of the earfh ? 

Tutor. Not exactly' in the stale in which wa 
find it in the ebop^ ; but it is proiluceil naturally 
ingreat abundance, though mixed with many ' 
fmritics. There in la Apulia a natural nitre bed,, 
that furnieheB the kingdom of Naples with great 
quanlilies of this substnnce ; and is many partf 
of the continent salt- pe tre is extracted from the 
earth under the stalls of cattle, and from arti-^ 
ficial nitre beds, formed for the purpose. YoU 
knon of what it is composed ? , 

diaries. It being a nitrate of potass, it must 
consist of nitric acid tinil potass ; but I do ni^ 
know where these can come from in stables,! 
and such like places. 

Tvior, The acid is a compound of oxygen 
and azote ; tbe azote is disengaged from the pu> 
trefaction of animal substances, and combine* 
with the oxygen of the atmosphere, forming 
therewith nitric acid ; the potass is probably 
(itniished by the vegetable substances and the 
nil. 

James. How many species of salts are there 
Oftfacsoda? 

Tutor. There are four, viz. the carbonate, 
the sulphate, and the muriate of soda ; and also 
barax, called borate of soda. 

Charlta. Where is the carbonate of sodf 



Tvtor. In Egypt, on the surface of Ihe eai 



»od^^ 

I 
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' Biul on the mai^in of certain lakes, which % 
come dry id the Bummer. It is nlso Aranj 
various pnrta of Asia. It is composed, 
knon, of carbonic acid and soda. 

Jamts, Where is the sulphate of Eoda tam 
in a nntire tttate, which is, I huoiv, u compound 
of salphuric acid and soda ? 

Tutor. In many parts of Germany, Switzer^ 
iand, and Siberia; it is found usually i 
of powder, bat sometimes in masses, and boI 
times crystallized. 

Charles. The muriate of soda, or com 
salt, is tbnnd, I know, in Englanit. 

Tutor. It is, and in many other 
particularly in Poland. Near Cordova, • 
Spain, there is said to be a mountain of c 
TBon salt, fiOO feet high, and three miles in i 
cumference. 

James. Is borajc a compound of soda also* 

Tutor. It is soda cwnbined with the boracic 
add, and is found in Thibet and in Persia, in 
large crystals, enclosed in a fatty kind of miitter. 

Ckartis. What species of sails are there ii^' 
ammonia ? 

Tutor. Only the muriate of ammonia, i 
is obtained near vokanoes, and also in Pen 
It is usually found in the state of powder, tn fl 
middle of lava ; but sometimes in mass, 
sometimes in irregular crystals. 

Such are the salts found in a natural state i 
»r on the surface of the earth. 

Jamts. You have often referred to ?alts ford 



eJ ivuh ibe iliQei'iMit eurtbs, and metalUcI 

Tutor. I have ; for chemists now agree, 
pretty generally, to comprise under the general ' 
name of salts, all the compounds formed by the J 
combination of acids with alkalies, earthe, ancU 
metallic oxydea ; and ihey are named, as yoaf 
now know, from the acid ; thus, we have thtf J 
anlphate of potass, of lime, of iron, Si.c. i^c. Th|J 
second part of the compound, viz. the alkali, thfld 
earth, or the oiyde, is called the base of thai 
acid. Thug, of nitre, or the nitrate of potasB,9 
potass ia the base ; and of common salt, or inii>l 
liateof soda, the sodaisthe base. 4 

James, The number of salts mnat be rega-|| 
bted according to the number of acids, and thu| 
number of bases. /M 

Tutor. There are thirtj-two acids and fifly-9 
leven bases ; accordingly, these numbers, mul-fl 
tipUed together, give 1824, which would be thsfl 
number of sails, if every base would combine] 
with each iicid ; but this is not the case ; soms4 
cannot combine with several of the acids. OaM 
the other hand, some of the acids are capable of ^ 
tumbining with two bases at once. After all, ' ■ 
the number of salts is not completely ascer- 
titined. 

Charles. VVhat is meant by the phrase neutral 
I lab? 

^U)T. Formerly U was used to deui 
I combination of any acid with an alkali, ea 
1 Deiallic oxyde ; but now the term neutral ia ai 
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Clirtrlet. Id looking over llie table, it slrikes' 
me, Ihiit the commoi) numes are much more 
simple than the others, which seem complex, 
and difhcult to be remembered ; salt, for inatence, 
IS tpore simple than muriate of loda ; and chalk, 
or marble, than earbonalt of tiint. 

Tutor. We are accustomed to the old names, 
which \» the ouly advantage belonging to them 
whcre^ the new ones show the niilure 
composition of the substimce spoken of, 
take your otvn instances, what idea does tl 
word cknlk give, in comparison of the ter 
carbnnate of time, which shows, in au instant, 
that it is u compound substance of carbonic Bci< 
and lime. Take another example or ttvo ; yoi 
are reading a book, and meet with the won 
Hypiivm, which the author explains farther o1 
by the phrase plaster nf Paris. 

diaries. Neither of them conveja to my mini 
any definite idea, because I have never seei 
gypsum. 

Tatar. The new chemical term for it is jwf 
phnte of lime. 

(Jiarles. Then we instantly know it is (i sub- 
-L-ince compounded of aulphuric acid and lime. 

Tutor. What idea would the word copperat, 
one of the iugredicnts of ink, cive you ? 

.fames. The idea of a metallic substance, of 
which copper is at le^t a part. 

Tutor. U would, and thus m\s\eai-3u\\^W 
> a sabHunce composed of B«\^\»ii:\t licKi. 
W, and is properly called a sulpho-tc dJ ^to 
12* 
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CONVERSATION XIX. 



Of the Muriates and Oxymuriates. 



TUTOR. I shall, in this and a succeeding 
Conversation or two, give you a short descrip- 
tion of some of the more important salts, leav- 
ing you to investigate the others for yourselves 
hereafter. To hegin with the muriates, which 
are distinguished by the following properties. 

1. When heated, they melt, and are volatilized, 

2. They are soluble in water. 3. They ef- 
fervesce with sulphuric acid, and white acrid 
fumes are disengaged. 4. When mixed with 
nitric acids they exhale the odour of oxymu- 
riatic acids. 

Charles, I know common salt, which is the 

muriate of soda, will, if thrown on a plate of 

hot iron, melt and evaporate, and that it is very 

soluble in water. 

Tutor. In each of these glasses I have put 

JfaJf a tea-spoonfixl of commou ^^V. \ Vq Q\!kfc \ 
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iQI add some sulphuric aciil, and to tlie otliBr 
t will pour a fen drops of nitric acid. 

Jnmtt. They both effervesce and throw off 
powerful fumes, but the odour is evideatl^ dif- 
ferent in each. Would there bo the same re- 
sults if any other of the muriates were used' 
instead of suit ~ 

Tvlor. Yes, the properties above mentioned 
are common to them ail. 

Charter. How many muriates are there ? 

Tvlur. There are twelve of the allcaHne i 
earthy muriates ; these .ire the muriates 
barytes, potass, soda, strontian, lime, ammonia, 
magnesia, magnesia- and -ammonia, glucina, yltria, 
alumina, and zirconia. 

James. Is not one of these, viz. the muriatft; 
of magnesia-and- ammonia, a triple salt 



by forming a salt different from either. 

most important of the muriates are those of 

Charles. Salt is not made from muriatic 
and Boda. 

Tutor. Great plenty of it is found already 
formed, so as to preclude the necessity of i 
ing any artificially. Immense quantities 
dug out of the ground, which require only to 
be cleared of their impurities and reduced la 
ponder. Id this state it is called T(y^*L-^'«i&... 
^ .The water of llie ocean a\so cotAwlw, ■*. X^""" 
C^PPporU'on of this salt w\i»c\vv?-o'v»\aw^*''^'''^ 

c__ 
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poration. Nevertheless, by « 
muriatic acid with soda, the solution n 
the flavour of culinary salt. 

Jamea. Perhaps the muriatic acid is ( 
from the salt ? 

Tutor. It is : and so is soda, which v 
merly got wholly from the combustion c 

Charles. By what processes ore fl. 
tiiined ? 

Tutor. The acid is extracted by m 
the Bu|i)huric acid, which has a greater 
for the soda than the muriatic acid, 
course it combines with the soda, wt 
acid escapes. The soda can be had bj 
of litharge, lime, or iron. 

Experimeat 1. Four parts of lithai 
one of salt, pounded, mixed, and mace 
a smull quantity of water for several hoi 
frequently stirred ; the muriatic ncid gi 
combines with the oxyde of leud, and 
muriate of lead, while the soda is left 
tioD, and may be obtained by tilteriog u 
poration. 

Ex. 2, A mixture of lime and comn 
formed into a paste, and placed in a mc 
lar, will, in a few days, be covered 
efflorescence of soda. 

Ex, 3. An iron plate, dipped In a sol 

UTAJt, and suspended in a cellar, will, t 

'ys, be encrusted w"i\h swia. 



J 
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Jiimei. Common salt is of great use, 1 believe,, 
in many respecU besides that of seasoning our 
food ? 

Tutor. Yes : it serves for enamels to 8tone!^ 
ware ; it is used in dying and in assnylng somar 
metals ; and, if the heavy luxes upon it did not, 
prevent, it would be much employed ia agricHl-j 
ture. The whole animal creation are fond of it f 
and cows are aaid to give more, and equally good 
miik, when moderately fed with siJt. It is also 
used in the manufacture of soap. 

The other salt, which we shall notice ar 
the muriates, is the muriate of ammonia, oi 
ammoniac. 

Charles. From whence did it derive its name % 

Tutor. From the circumstance of ils being ohr 
tained in great quantities near the Temple 
Jupiter Ammon, in Africa. 

Jamen. Is itdug out of the ground ? 

Tutor. No : the dung of cattle is burnt, a 
irom the soot the muriate of ammonia is extract^ 
ed, which is sent over in hard elastic cakes. 

Charlef. Can it be formed artiticially '/ 

Tutor. If equal measures of ammonical gas ai 
muriatic gas be mixed together, over mere 
ry, they are immediately condensed ; a whit< 
cloud is formed, and a solid substance is deposit 
c<l on the sides of the vessel. This is real n: 
riale of ammonia. 

Jamet. Is it soluble in water. 
■ilor. Ves, in about ttiteetvtties.V.^-^'i^^J*^ 
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water, at the temperature of CO", and, duriug 
the solution, niDch caloric is absorbed. 

Charles. I recollect it in used among the beu- 
iog mixtures. 

Tutor. By the addition of pure potass or soda, 
either in the dry state or in solution, the ammo- 
nia is diser^Hged, as is evident by the put^eni 
smell tiiat arisen on the mixture of those sub- 
stances. 

Jamea. For irhat is the muriate of ammoiM 
used ? 

Tutor. It is used by diers, and also by cop- 
persmiths, who employ it to prevent the oxyi^ 
tion of the metal which they cover with tin. 

Besides the muriates, there are salts, which 
are denominated hyptrorygenized muriates ; Ihete 
are formed with acid, that is in the highest de- 
gree oxygenized. 

Charles. What are the properties of these 
salt't 1 

Tutor. When mixed with any combustiMc 
body, aa sulphur, or charcoal, they detonate wid 
great violence, by mere friction. 1 will 
tion two or three experimenU, which must uei 
be attempted but by experienced chemists. 

Experiment 1. By rubbing together thi 
grains of this salt, (a) and one of sulphur, in a mO^ 
tar, with a metallic pestle, a series of small ei- 
plosions take place. 

Ex.2. lithe same mixtare be struck 
!>nvil, it wilt give a tei^oA MsXavii -oiVVisAof 
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Ex. 3. Three parts of the salt, with one of 
sulphur and charcoal, mixed, produce the most 
terrible explosions. 

Ex. 4. If the same mixture be thrown into 
concentrated sulphuric acid, a flame is given out 
so powerful as to be almost too strong for the 
haman eye to bear. 

Jamts. Are these what are called the fulmina- 
ting powders ? 

Tuior, This is one of them, and, perhaps, the 
most terrible of them all.(a) 
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CONVERSATION XX. 



Of Sulphates and Phosphates. 

TUTOR, Sulphates are the next genus of 
salts to be considered. 1. They have a bitter 
taste. 2. They may be dissolved in water, bat 
not in alcohol. Alcohol, indeed, precipitates 
them from water in a crystallized state. 3. When 
heated to redness, with charcoal, they are con- 
verted into sulphurets. 

Experiment. I have put a tea-spoonful of sul- 
phate of magnesia (Epsom salt) into some water. 
It is completely dissolved, and the solution is 
quite clear. I will now add some alcohol to it, 
and you will see the salt is precipitated. 

Charles, Is this salt prepared artificially ? 

Tutor. Scarcely ever : it exists abundantly in 
sea-water, and in the uncrystallized residuum in 
salt-pans, afler all the common salt has crystal- 
lized. 

James. I have often taken Epsom salts ; they 
/Hfike a sad bitter dose. 
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Tutor. Yes : this salt is often used as a p 
lire ; but its great use is in furaishiDg magnesia. 
Almost all the magnesia of commerce is extract* 
ed from it. 

Charta. How is it obtained ? 

T^itor. It is dissolved in water, and precipi- 
tated by alkalies. 

James. How many sulphates are there ? 

Tutor. There are fifteen ; of these, five are 
triple salts, and some varieties ; thus, there is the 
sulphate of potass and supersulphate of potass. 

Oiariti. What methods are adopted in 
paring these two salts ? 

T'tttor. The sulphate of potass is formed by sa- 
turating dilute potass tvith sulphuric acid, and 
then evaporating the solution till crystals appear. 
The supersutphate is obtained by heating toge- 
ther a mixture of three parts of sulphate ofpot-> 
asB and one of sulphuric acid. 

James. Is it by this means that the sulphate 
gains its excess of acid, on account of which i^' 
takes the prefix super? 

Tutor, it is ; and this excess may be 
pated again by heat, and then it is converted ia- 
to a sulphate. 

Sulphate of lime is known also as gypsum ; it is 
fonnd in great plenty in many places, particalar- 
ly near Paris, the hills about which are almost 
entirely composed of it ; hence its other name, 
plaster of Paris. When ground and 'iiKvS,,^''.>a. 
■ laiacibJe with water, wbit\i \i. ^swiofws."««^'^*=' 
k^fff, afld becomea aoUd aXmoaX ■\TomR.&.■4^.«^■1 "■> '' 

^»roL. It. \'i 
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thU account it is employed in forming casts, bi 
cornices, fitc. When this salt was formed a 
cial!;, it was formerly called tetenile. 

Among the sulphates is recJioned alui 
nbicb there are four varieties, all triple 
being sulphates and en persulp hates of all 
and potass, andahiminnand ammoniu. 

Qiarles. Is alum much used ? 

TiUor. It is employed as a mordant in djtj 
also in the manufacture of leather ; il 
used by calico-printers and engravers, 
preserving animal substances from putrefac 
It ia a principal ingredient in pyrophomn. 

James. What do you mean by pyrophoruB 

Tutor. If three parlsof alum and one ofS 
or sugar, be melted together in an iron ladle, 
tfae mixture dried till it becomes black and e 
es to swell ; and if it then be pounded small, 
into a glass phial, and placed in a sand bath 
blue flame issues from the mouth of the bot 
and. after burning a minute or t»vo, be allowi 
cool, a substance ia obtained called /ijropfe 
which has the property of catching fire whet 
er it is exposed to the open 

Cliarles. Is there any thing remarkable iiv 
phosphates ? 

Tulor. 1. Before the blow-i>ipe they 
verted into a globule of glass. 2. They ar«. 
luble in nitric acid with effervescence, ai 
dpiiated from the solution by lime-water. 
Jamfs, Do phosphates combw^vith an 
'acid ? 
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■ Tutor. They do : and form superphosphates. 
The most interesting of these salts la the phos- 
phate of lime, which constitutes the basis of 

diaries. How is itobtuined from these! 

Tutor. Calcine the bones to whiteness ; re- 
duce them to powder, and wash them with water 
to separate the soluble salts. Dissolve the whole 
in muriatic acid, and precipitate it by means of 
ammonia. The precipitate ia pure phosphate 
of lime. 

Jamex. Is it ever found native ? 

Tutor. There are mountains of it in Spaic 
it is in regular crystals ; and, in that state, it 
known by the name of apatite. Phosphate of 
time is found in other animal matters besides thft* 
bones. It exists also in the farina of wheat, in* 
such quantities, that il has been calculated tf 
person, who eats a pound of wheat per day, will, 
in a year, take nearly three pounds and ahalf o& 
phosphate of lime. 

The phosphate of soda is employed 
gative ; the purposes of which it auswi 
t tompanied by the nauseous taste wliich ever 
"s the Epsom and Glauber's salts. 



148 CHEMISTRY. 



CONVERSATION XXI. 



Of the Carbonates J Nitrates^ and Metddlic Saits. 



TUTOR. We come now to the carbonates^ 
which are, 1 . Soluble in water. 2. When sul- 
phuric acid is poured upon them, they effervesce 
violently, emitting carbonic acid gas. 

Charles. Are these salts found native ? 

Tutor. Many of them are ; but they may all 
be formed artificially <, by dissolving the base in 
water, and making carbonic acid gas pass into 
the liquid till it be saturated. 

James. How many of these salts are there ? 

Tutor. There are reckoned eleven, several 
of which are capable of combining with an ex- 
cess of acid. Of the carbonates the most impor- 
tant is the carbonate of lime, which exists in na- 
ture under the names of marble, chalk, and lime- 
stone ; but of this we have conversed amply be- 
/bre. 
diaries. How are the mttale^ c\kax^cX«tviA\'\ 
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Tutor, 1. They are soluble in water, and ca- 
pable of crystallizing by cooling. 2. When heat- 
ed to redness with combustible bodies, a violent 
detonation is produced. 3. Sulphuric acid dis- 
engages fumes from them. 4. When heated 
with muriatic acid, oxy muriatic acid is exhaled* 
There are twelve nitrates. 

James, Is not nitre one of them ? 

Tutor, Yes : it is a compound of nitric acid 
and potass, and is therefore the nitrate of potass. 
This salt, of which we have spoken before, de- 
tonates with combustible bodies more violently 
than any other of the nitrates. 

Experiment 1. When nitrate of potass, mixed 
with one third part of its weight of charcoal, is 
thrown into a red hot crucible, or when charcoal 
is thrown into red hot nitre, a detonation takes 
place, and likewise one of the most brilliant com- 
bustions that can be exhibited. (a) 

Ex. 2. A mixture of nitre and phosphorus, be- 
ing struck smartly with a hot hammer, will give a 
violent detonation. 

Charles. Is not this salt a principal ingredient 
in gunpowder ? 

Tutor, The best proportions for gunpowder 
are :— ^ 

Nitrate of potass, 7G part?. 
Charcoal, .... 15 
Sulphur, .... 9 

13^ 



^^Janies, How isguDpowder formed '.' 
"^ Tutor. TheingredientsjustmentioDedaretirt 
reduced to line powder separately ; tlien mix 
intimately, and formed into a black paste, w 
water. Afler this has dried a liltle, it is plac 
on a kiod of sieve, full of small boles, throng 
which itU forced. It is thus divided into grikin! 

Charles. How h it glazed ? 

Tutor. The powder, when dry, is put i 
barrels that turn round on their axes ; by me 
of this motion, the grains of gunpowder ■ 
against each other : their sorfaces are mt 
smooth, and the powder is said to be glazed. 

James. Is there not a fulminating powder oh 
taiaed from nitre ? 

Tutor. YeB : three parts of nitre, two purls < 
potass, and one of sulphur, all previously wft 
dried and mixed together in a warm mortar, fon 
a compound of tljat kind. 

Experiment. If a small quantity of this pow 
der be put into an iron spoon, and placed upo 
boming coals, or held over the fiame of a candlf 
it blackens, anci then melts ; and, at the instant t 
melting, it esplodes most violently, and a stroD 
impression is made upon the bottom of the spooi 
as IF it had been beat inwards. 

Charles. Is this salt used for any tiling else ( 

Tulnr. From nitrate of potass the nitric aci 
is obtained; it is al?o a principal ingi-ediont il 
the black and white fluxes. 

James. What are floxe?, and what arf Ihei 
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A flnx is a fusible substance, which ' 
i mised with metallic ores, or other bodie 
assiijt in their fusioD. Black Sax is formed by 
setting Rre to a mixture of one part of aitrate of 
potass, and two parts of tartrite of potass ; and 
^'kiu flux is obtained by throwing into a red hot 
crucible equal parts of the same suits. 

This account of the principal alkaline and 
earthy salts will be sufficient for our purpose. 
I sball DOW proceed to some few particulars re- 
specting the metallic salts. 

Oiarles. How many metallic bases are there,! 
from which these salts deriie their characteristic' 
properties ? 

Tutor. There are twenty-three bases, and' 
thirty-one acids, with wbich each base may b^ 
combined. 

James. Do the metals combine with acids ? 

Tutor. No ; it is the oxydes, or certain com-' 
pounds, which Ihey form with osygen ; the me- 
taltr themselves seem to be incapable of c 
Uning with ajiy acid. 

Charles, Some metals form two or a, 
mtydes ; in that case, will there be two or morft 
metallic salts foriUed, by combining with the 
aame acid ? 

Tutor. Certainly : hike iron as an instance. 
Of this metal there are two osydes, the hlack 
■nd the red ; and there being thirty-one acids, 
we must reckon upon siitty-two salts of iroi 
provided it he found that each of vVv« ovj^^** 
^^>itb)e of combining with hU \.\>« uc\ift - V»o 
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know in what the difference between the oxyde^| 
of the aame metui consiaU '! ^| 

Jariies. Id the proportion of oxygen whij^f 
they contain. ^H 

Tutor. Right : and oxydes, which do not ctnH 
tain a maximum of oxygen, hare a teodency oM 
absorb it, whenever it 19 presented to them, tHH 
they are completely saturated- This tendened 
is ahowD most when the oxydes ure combioHH 
with acida, and in a state of solution ; of cour^f 
those metalUc salts, (he bases of which do W^^ 
contain a maximum of oxygen, are Uable to ii^| 
aorb that principle, and by that means to be co^H 
Terted into a different salt. ^M 

Cliarlet. Can you give us an instance ? jH 

Tutor. Green vitriol, which U a sulphate 3M 
iron, composed of sulphuric acid and black oxyde 
of iron, when dissolved in water and exposed lo 
the air, soon absorbs more oxygen, and the black 
oxyde is converted into red : thus a new salt ie 
foi'LQod, composed of sulphuric acid and : 
oiyde of iron. 

James. Is not this something similar to tvh^ 
takes place id the earthy and alkaline salts, 
contain an acid, with a minimum of oxygen, 
the nitrites, sulphites, Lc. 1 

Tutor. In both cases, indeed, oxygen i: 
sorbed, and a new species of salt formed ; 
with regard to the earthy and alkaline salts, i 
oxygen combines with the acid; while, 
metallic salts, il combines with the base. 
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CONVERSATION XXII, 



Of the Metallic Salts. 

CHSRLES. Hon do you distinguish belneea 
the metalUc salts, as those formed, for instance, 
from the black and red oxjdes of iron ? 

Tutor. It is recotomended by Dr. Thomsoo, 
to denomiaate the one, simply, sulphate of 
and the other, which has absorbed a larger [ior«i 
tion of oxygen, either the o;rysulpkale, or the.'' 
oxygenized sulphate of iron. As an example of 
the metallic salts, we shall consider the salts of 
mercury. 

Jamei. What are their distinguishing charac- 
teristics ? 

Tutor. ]. When they are strongly heated, 
they are volatilized and dissipated, i. Hydro- 
lolphiiret of potass occasions a black precipitate. 
3. Huriatic acid, when poured into a solution of 
&em in water, usually occasions a white precipi-' 
lite. 4. Gallic acid occaavou* a ^^o-w ^fwa^ 
5. A plate of copper, \i\vKvs.a&. vcWa^ 



te^' 



1 



154 CIIEHISTRV. 

mercurial salt, gradually precipitates ruDiii 
mercury. 

Charles. How muny mercurial uxydes are 
there? 

Tutor. There are four ; but, with regard to 
their combining with acids in forming salts, Dr. 
ThomsoD Dotices but two. 

James. Will every acid combine with each of 
these oxydes ? 

TVlor. It should seem so, from every thing 
that is knowQof them ; therefore every species 
is divisible into two varieties, which are distiu- 
guished by the simple name, aud by prefixing tl 
it the epithet osygenized. 

Omrles. Are any of these capable of exi 
in more states than one ? 

Tuior. Yes, in both states ; in one in whiij 
there is an excess of add, and also in the othej 
where there is an excess of base. These s 
lire characterized by the prepositions super 
svb. Hence, another set of varieties arises ; 
example of each may be enumeraled under tl 
sulphates of mercury ; thus, we have 

I. Sulphate. 2. Oxysulphate. 

3. Su persulphate. 4. Superoxysulphate. 

5. Subsulphate. 6. Suboxysulphate. 

James. Have all these varieties something i] 
teresting to recommend them to the attention ? 

Tatar. To you they cannot be very intereatJ 

ing ; nor would it be of avail even to enumera' 

<i/I the genera, much leas bo the aipecies of tl 

metallic salts. I have selcclei on^ tt^t aottal 



mercury, as aspecimen, to show you how che» 
mists treat the subject, id order that, when volt 
come to study books, you may tind no ob^tiiclea 
that miiy embarrass your mind, or impede your 
progress. Of the snils of mercury 1 shall notice 
but two species, with the varieties, viz. the [ ' 
trates and muriates. 

Charlet. Has the nitric acid any action i 
mercury ? 

Tutor, It has, and forms with it the nitrate and 
^^nitrate. 

James. Does the osynitrate contain mercurj 
aydized to a maximum 7 

IWor. It does. Besides these, there is a »«■ 
fWraitrate, consisting of the first of these salisi 
cerabined with an excess of ncid ; and a juini- 
trate, consisting of the nitrate combined with sb 
excess of base. 

Charles. How does the nitric acid act on i 
cnry» 

Tviar. When it is poured upon mercury aa 
^Eervescence takes place, and nitrous ^aa is dis- 
engaged ; the metal is gradually oxydized, and 
afterwards dissolved in the acid that remain; 
decomposed, which, being evaporated, yields the 
nitrate of mercury. 

James. What are the properties of the nitrate 
of mercury. 

Tvtor. When it is placed upon burning coal» 

itdetonates feebly, emitting a lively SaiiL«..- VCoot 

^Hied with pbosphoruB, ani s.X.tm'Ok.'Wi!^ ^^ 
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3. the cortical layers, which form a kind of net 
work. 

Charles. Do these unite in forming a solid co- 
vering to the wood, which is the main substance 
of the plant ? 

Tntor. They do ; and the pith is situated ia 
the centre of it, and is a spongy substance, con- 
taining a great number of cells. 

James. I can see a resemblance between the 
structure of vegetables and animals, the hark an- 
swers to the skin, the wood to the muscular fleshy 
and the pith to the spinal marrow. 

Tutor. There is, however, this important dif- 
ference between them ; vegetables are fixed to 
I9ie spot, while animals are, in general, possessed 
ef the powers of motion, which they are obliged 
to exercise, in order to procure food for their 
sustenance. 

Jmmes. It must then depend on the sitqation in 
which the seed is placed, whether the future 
plant shall become vigorous or not ; it has no 
means of seeking for a more congenial soil. 

Tutor. On that account millions of the vegeta- 
ble tribe spring up, sicken, and die, witjiout 
Canning to perfection. 

Charles. Almost any soil will, I believe, be 
fliifiieient for^the first stages of vegetation. 

■ TVtor. The first food of the plant is contained 
itt the seed, as that of the bird is in the e^. The 
egg requires but a proper degree of tempera- 
tirre, whether afforded by Wie ^^xeiiV-Ve^^ ^^\s^ 
aPUBcmf meatis, to product iVi^ ^msbs^ \ ^^"^^ 
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seed of a planl. being put in fMVourulite 
stances, changes to a Eubstance of a saccfaariiH 
nature, which serves, at first, for food to thi 
vegetable ; it is then siud to germinate. Tl 
food, however, contained in the egg in one cas 
and in the seed io the other, is ?oon exhausted 
and, as the bird can seek its proper food froi 
surrounding places, so the plant must dertv 
its future nourishment from the air and ao 
in which it is placed. If these are unfavourabl 
to vegetable life, the plant will droop and die. 

James. Is the structure of vegetable seeds th 
same in different kinds ? 

Tutor. The seeds of vegetables, 
consist of three parts, ui'i. the rorfic/e, which i 
converted into a root, that pushes into tli 
ground ; the coiyledom, which, emerging aboi 
the ground, espand in the form of leaves, callcf 
seminal leaves ; and theplumula, which becomt 
the stem to which leaves and branches are a 
fixed. 

Charles. As the vegetable tribe derive nourish 
ment from the air and soil, of what does a vege 
table consist ? 

Tutor. The constituent principles of vegetable 
are hydrogen, carbon, and oxygen. 

James. Are these common to all vegetables 

Tiftor. They are : other substances are fou'n 

in particular plants, but they do not necessaril 

belong to the whole race. Of these elementar 

priociples, hydrogen and o->t5ii,eiv tave a stroni 

^f^adeacy to unite wilh caWvt, a-ftivo ^lewn 



Vjlvted into gRS ; while carbon is more fixed, 1 
having but a small afRriitj' to caloric. ' 

CharUt, The forniiition of oxygen gns from 
vegetables, in the light of the sua, is, then, I 
IhJDk, easily explained. { 

7WoT-. Water and air form the principal part 
of the food of vei;etables, whinh possess the pow- i 
er of decomposing these substances. The hy- j 
drogen of the water is retained, the oxygen idl 
first absorbed, but the greater part seems to hlU 
pven out again by the leaves, which will, as yn^B 
tny, esplaiu the mode by which oxygen gas idV 
obtained from the leaves of plaots. 1 

Although the coostituent principles of plantfl ' 1 
consist of these three simple substances ; yet ( 
from plants themselves a number of importaot ' 
snbslances are derived, which may be analyzed ' 
by chemical mean^. '^ 

Ja/nt:s, 1 am not surprised at this, when w«' 
have seen, that the combination ofdifierent pro* i 
portions of azote and oxygen give, as results, the 
common ntmospheric air, nitrous gas, and even 
nitric acid, that very corrosive substance. 

Tutor. The principal substances which are 
met nith in vegetables, are mucilage or gum, 
fecula, jelly, ivgar, gluten, oU, camphor, max, 
Tesitit extract., caovlchoiic, addi, tanritft, colotir- 
ing tnatler, suber and srond. 

Charles. By what means are vegetable aub- 
flances analyi^ed ? 

» Tutor. Various methods a^e aio\i\E.ft,*'i*i ■*■*■-, 
D-s ajrents are employed ioi ftxft ■^wtyi*'!.'- *^ 
\\* 
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as heat, the acids, water, alcohol, aD^ the pr^^ 
cesses of fermentation. 

James. I know what gum is, for I hare fire- • 
quently taken it from cherry And plumb treetf : 
is mucilage another name for the same thing ? 

Tutor. Various parts of vegetables impart to 
water in which they are boiled a certain viscous 
substance, this is called mucilage, and has all the 
properties of the gum, which is frequently found 
exuding from some trees spontaneously. 

Charles. Gum is easily dissolved in water : it 
has no taste, 1 think, and is brittle when dry and 
cold* What makes the difference in the colour 
of gum, some of which is yellow, and some is of 
a fine clear white ? 

Tutor. The action of the light destroys the 
yellowness of the gam, which is the only effect 
produced upon it by exposure to the atmosphere. 
It is insoluble in alcohol and oil. 

Experiment. Here is a solution of gum water, 
I will add to it some alcohol. 

Jamet. It is decomposed. 

Tutor. Yes : water has a stronger affinity for 
the spirit than it has for the, gum ; it therefore 
seizes on the alcohol, and precipitates the gum. 

Charles. Of what is gum composed ? 

Tutor. It is a compound consisting of oxygen, 
hydrogen, nitrogen, carbon, and lime. 

Jamss. From what trees i'&gum arable obtain- 
ed ? 

Tutor, From a species of the acacia^ that grows 
Arabia and Egypt : it is savA \^ ipo«>%e«i* ^^\>j 
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nutritive qualities, and that a thousand persons, 
travelling in the caravans to Cairo, in the year 
-1750, subsisted entirely on gum for two months, 
who must otherwise have been starved, having, 
by stress of weather, been detained in the desert 
so much longer than was expected. 
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CONVERSATION XXIV. 



Of Fecula^ Jelly ^ Sugar, Gluten, Oil, Campk 
Wax, Resin, Extract, Caoutchouc, Bitumens. 

CHARLEYS. What is meant by the word fecu 
' which is the next article in your list ? 

Tutor, It constitutes the chief part of 
nutritive grains ; it is hkcwise called farii 
Starch may be taken as an example : it is i 
soluble in water at the usual temperatur 
when the water is heated to 160^ it will dissol 
starch, and at 180^ the solution corigulates. 

James, Is it in this state that it is used 
stiffen linen ? 

Tutor. Yes, it is ; because, by increasing t 
temperature of the water, the starch is eas 
made into a thickish kind of paste. 

Charles. How is it obtained from the origii 
substance in which it exists ? 

Tutor. It is extracted from barley, whi 
contains it in a\)u\iddXice^ ;md also from whe 
TyBf potatoes, &lc., \>^\ie^N^^v% ^^^w^^s^vca^'^ 



llour of the sererul substances ivi: 

qoantitj of water. The water takes up tha! 

starch, and, when suffered to stand quiet, iS 

stibfiides without trouble ; the wuter ia then de* 

ranted, and the starch left till it becomes a 

it is then washed repeatedly and dried. It is 

this part of grain that is convertible into sugar ; 

and on this property the process of malt-making 

consists. 

James. I have often wondered why malt is 
Gweet, since in barley there is no taste of sugar. 

Tutor, It must, however, esist in the barley^ 
and in the farina of it. Malt is made by steepn 
ing the barley in water for two or three days '. 
it is then spread on a floor, where it begin; 
germinate ; and, when the radicle is from oat 
half to three quarters of an inch long, it is se 
Feral times turned, in order to atop the progrel 
of vegetation ; and then it is finally placed in 1 
kiln to be completely dried. 

CSuirles. Of what does farina consist ? 

Tutor. It has been analyzed, and found to he' 
compounded of carbon, hydrogen, and oxygen. 

James. Is jelly, the next substance, thatwhic^ 
h obtained from ripe fruits, such as currants ? 

Tutor. Yes : it is soluble in hot water, ani 
the solution again gelatinizes on cooling. l! 
combines with alkalies. 

With augur you are well acquainted. 

Giarles. That is the produce of the s>iKji 
cane, cultivated in the Weal \afii«i%. 
rer^ salable ta water. 
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Tutor. It is obtained in great abundance from 
the sugar cane : but it is also diffused in almo&t 
all vegetables. Alcohol dissolves about one 
fourth of its weight of sugar. Sugar has the 
property of rendering oils miscible with water. 
Alkalies destroy its taste, which may be reco- 
vered by adding sulphuric acid, and precipi* 
tating the sulphate by means of alcohol, which 
retains the sugar in solution. 

James. What are the component parts of 
sugar ? 

Tutor. Oxygen, carbon, and hydrogen, in the 
proportions of 64, 28, and 8. 

Charles. How is sugar obtained from the 
cane ? 

Tutor. The juice is pressed out, and boiled 
with lime-water to a proper consistence ; it is 
then drawn off into another vessel, where it is 
allowed to concrete, and the liquid and impure 
part, called the molasses, to separate from it. 
Su2:ar thus obtained is in small hard grains, and 
is brought into this country under the name of 
raw sugar. 

James. How is the loaf sugar made ? 

Tutor. The raw sugar is dissolved in water, 
mixed with lime, clarified by means of bnllock^s 
blood, and then boiled down to a proper consis- 
tency : it is now poured into unglazed conical 
earthen vessels, where it is allowed to grain. 
There are, however, still impurities mixed 
with it. 
C/iarlcs, How are tlae^^e AVs^^ose^ ^i^ 



Tutor. Tlie point of the cone is undermost, i 
iind perforated, and on its base is a covering <^' 
moist cluj, the water from which gradually 
filters ttu'ough the sugar, carrying away with' 
it the impurities. 

Jainci. Wliat is refined sugar ? 

Tutor. It is loaf sugar redissolved, and treated 
in the same way a second time. 

Charles. What is gluten? 

Tutor. It is an elastic substance, resembUi^i 
an animal matter, found in many yegctablei,. 
but chiefly in wheaten flour. It is insoluble in. 
water ; but alcohol will dissolve a small quan- 
tity of it, and the solution may be applietl to 
the purposes of varnish, 

JaiMs. Of what does it consist 1 

Tutor. It diflcrs from the vegetnble substan- 
ces by containing a larger proportion of nitro- 
gea, and some ammonia. Gluten, when kepfei 
moist, ferments, and undei^es a sort of pnti'e-'' 
faction, emitting an offensive odour. 

Oil, the next substance to be attended to, is 
obtained from vegetables by pressure, chiefly 
from the seeds and kernels of plants, as ths 
olive, the almond, linseed, &,c. 

Charles. This will not combine with water. 

Tutor. Nor with alcohol ; but, as we have 
seen, oil unites with (he alkalies and farms 
soap. 

Janies. What is the drying oil of the painters " 

Tutor. Some oils, as that of linseed, dry of 
themgelre? : but this \tto\ictW « Nt\N tocwV^'^H 
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a lower extremity, while, at the aatne time, m 
gH9 can return through tiie funcel. 

Charles. In what respect do the fixed oils di 
fer from the essential oils 1 

Tutor. The latter are obtained by distillin] 
aromatic plants with water. The water rise! 
accompanied with the oi), which for the most part 
Boats on the surface. It \a very ioflammablej 
and flies off io vapour at the heat of boiling w&<. 
ter. Oil of lavender, rosemary, &c. are oile O 
tbis kind. 

Experiment. If nitric acid, mixed with om 
sixth part of sulphuric acid, be poured upon an] 
of the essential oils, the mixture bursts out inM 
a violent flame. This experiment should I 
done with the greatest precaution, as the inflamed 
oil is scattered about in nil directions, 

James. Will the essential oils unite with alkM 
lies, and form soap ? ■" 

Tutor. Not without great difliculty : sevend 
of them will detonate, when rubbed with hyper- 
oxygenized muriate of potass, and take fire wheft 
poured into oxygenized muriatic gas. 

Here is a vessel (Fig. 17) for separating ethfl> 
real oili^ from water. The bent neck, x, being 
lower than the mouth, acts like a syphon when 
the vessel is nearly foil to the brim, and the oilB,,' 
being lighter, swim on the water. Hence, by 
hydroatatical principles, the latter, entering int» 
the lower part of the spout, flows off, while th« 
oil remains. If the oil is heavier tba^ <««&s£c, 
wiucbie sometimes the case, sa^'CM^ Sri^r-w 
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sunk in, through which the oil passes to the bot- 
tom, and the water ronsoirbj a similar side aper- 
ture, as that in the dgure, but neitrer the briia of 
the vessel. 

Cakfhor resembles the essential oils in many 
properties ; it is soluble in alcohol and the oils. 

Charles. Does it inflame with the nitric acid i 

Tutor. No ; it is dissolved by it ; but the 
camphor soon separates, and floats upon its aur- , 
face. 

James. From what is camphor obtained!^! 

Tutor. From a species of laurel growing in 5 
China, Japan, and Sumatra. All the parts of the | 
camphor tree are impregnated with the oil, bat j 
the roots contain the moat. It is extracted by 
chopping the wood of the tree very small, andt^J 
laying it in water, and distilling it. The cam- 
phor thus obtained is afterwards purified by su- 
blimation. It consists of carbon and hydrogen, i 

Charlei. Is not wux formed by the bees ? J 

Tvtor. It is collected by them from the antheree. I 
of flowers. It is likewise found upon the upper ' 
surface of the leaves and fruits of many trees. ,' 

James. This is very fusible and inflammable 
1 believe. 

Tvtor. Certainly: it is insoluble in water, bu 
in boiling alcohol it may be dissolved in consideru 
ble quantities : it is soluble also in volatile am 
fixed oils. 

Otarles. What is meant by resi'ns ? 

Tutor. They are the juices of certain plan 
^Hbcii exude i^poutaneousX^ [rum sooKi V^aj 



EXTRACT. 171 

Kiel from others tliej are obtained by wounding 
(he faark : turpentine »nd guaiucnni are resins. 
They are usually yellow, and imperfectly trans- 
parent. 

Jainea. Do they dissolve in water 1 

Tutor. No ; but they are soluble In alcohol, 
ether, and the essential oils { from these solvents 
water will precipitate them. 

Charlet. Of what are resins composed ? 

Tutor. They are generally regnrded as voIb" 
tile oila, combined with oxygen. They are 
tremely valuable for varnishes, and are usi 
medicine. 

There are also gum-j-esiii.jt, which are mixtures 
of resin and mucilage. They are soluble, part- 
ly in water, and partly in alcohol. They are 
mach employed in medicine. Aasafoetida, gum- 
ammonia, myrrh, opium, gamboge, are varieties' 
of gum- resin. 

James. What is meant by the nest vegetable" 
substance, denominated eximct ? 

TvXar. It exists abundantly in the juice of i 
plants, and may be obtained by evaporating i 
infusion of them, prepared by boiling, in distill- 
ed water. Thus, we have extracts of saffron,' 
of bark, of senna, &c. 

Charles. Is this soluble in water ? 

Tutor. Yes, in cold water, hut more copious!/, 
in hoi. If exposed lo the air it gradually absortMH 
oxygen, and then loses its solubiliiy in water. '*■ 
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is a compound of carbon, hydrogen, nitrogen, and 
oxygen. Liquorice juice is an extract. 

You know what cuouichauc or elastic gam ie. 

Jaines. We are acquainted with its uses, but 
not at all with its origin :' I should hurdly have 
supposed that it was a vegetable substance. 

Tvlor. It is the juice ofatree found in South 
America of the euphorbia tribe. It is hrst thick, 
and of a milky nature, and becomes concrete on 
being exposed to the air. 

Charles. Is it not always black 7 

Tutor. It acquires this colour from the mode 
of drying it. Did you ever burn a piece of 
this substance ? 

JaiMi. No : hut I will try it now ;— it baros 
with a bright flame. 

Tutor. Of course it is iaflammabte, and ia 
oxygen gas it exhibits a remarkably brilliant 
light. From its great elasticity it is called gum 
elatiie, and, front its property of rubbing out 
htack-lead pencil Unes, it is called indian rub- 
ber. 

Charles. Is it easily dissolved ? 

Tutor. Not in water, nor in alcohol ; but it 
is soluble in essential oils, and in ether pre- 
pared for the purpose. If long slips of this 
eubstance are tied spirally round glass or metal 
rods, and boiled for an hour or two, the edges 
cohere, and a tube is formed. Tubes of this 
kind have been used in surgical cases. 
James. What are tVie com^QnetA v^^i^ "'' 
■aoutchouc ? 
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r. From various experiments, iL is s 
[wsed to consist of carbon, hydrogen, azote, 
and oxygen. This substance has been obtained 
from the misletoe, gum-mastich, and various 
other plants. 

Ouirles. What are bitumens ? 

Tttfor. Though bitumens, on account of their; 
origin, are with propriety classed among mine- 
ral sabstances, yet in tbeir chemical properties, 
they are more closely allied to the products (^ 
the vegetable kingdom. Like vegetable sub- 
stances in general, they burn in the open air,« 
and with a degree of brightness that surpa^eqi 
even that of resins. By distillation, they yiek^g 
H weak ncetic acid, an empyrcumatic oil, somci 
ammonia, and a considerable quntitity of c 
buretted hydrogen gas. Bitumens have been 
divided into liquid and solid. 

James. What are the names of the bitumens ?- 

Tutor. The chief of the bituminous aubstan-., 
res are naphtha, petroleum, mineral tar, mine- 
ral pitch, asphaltum, pit-coal, bituminous wood, 
turf, and peat. 

Charles. Do you mean by naphtha, the fluid 
in which the newly discovered metals, potas- 
sinm and sodium, are best kept? 

jTiBor. I do : it is a light, thin, colourless oil, 
and highly odoriferous, which is found on the 
surface of the water of certain springs in Italy, 
and on the shores of the Caspian Sea. Its s^-^ 
cific gravity is about .T or ,ft,'wo.\s.^\w;\\ia,V,'4!« 
is, about one quarter V\e!tit,ei: "i^aa. wa-v.*;^ - * 
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James. U not naphtha very int1itmmabl« ? 

Tutor. It is, and burns with a penetrati 
smell, aad much smoke. By long exposure 
the air it becomes thick and coloured, and 
to the state of petroleum. 

Naphtha is the only fluid with which we an 
acquainted, in which oxygen does not exist it 
considerable proportion. 

CftarUs. Is that the circumstance which reif 
ders it of use in preserving the new metala ? 

Tutor. It is : because they have so gre^ 
an affinity for oxygen, that they seize upon j 
whenever they come in contact with it, decom 
posing in an instant the atmospheric air, water 
Sic, seizins; on the oxygen, and setting at liberq 
the other gases, 

Jamta. What is petroUum ? 

TVtor. It is thicker than naphtha ; has I 
greasy feel ; is wholly or in part transparent 
and a little heavier than naphtha. 

Charles. Is this inflammable ? 

T\aor. It is very highly so ; and it has tha 
property of combining with fat and eEseotiaV 
oils; with resins, camphor, and sulphur; and( 
when rectified, it dissolves caoutchouc. \ 

Mineral lar is thicker and more viscid tha^ 
prtrojeum, and of a reddish or blackish browr 
colour. In its chemical properties it rescmblf 
petroleum. 

James. What do you mean by mineral piuk ^ 

2'ulor. This also is extremeV^ wAwmmahl 
'"' n brawn or blackish colowv, !>-ft4*>i a%^e^i4 
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__Mvity equal to between ene and a half am 
twice greater than that of water. 

Charla. la asphaltum of the same nature a 
the other bitumens which you have just ds 
ecribed ? 

Tutor. It 18, with regard to its inflanmability.' 
It is not so heavy as mineral pitch, and is solu- 
ble in naphtha. The solution is of a deep black 
colour, and forms an excellent varnish. 

James. Is pU-coal the substance which we 

Tutor. Pit-coal ia a general term applied ttf 
several distinct varieties of minerals. Thej 
are often divided, for the sake of description 
into three families, i^i:. brown coal, black coal) 
js and glance coal. 
^^ Charles. The coal we bum must be th« 
^Hteck coal. ^^ 

jF^ Tutor. Brown coal is only imperfectly bituf 
mioized, and exhibits distinctly the remai 
tbe vegetables, from the decay of which it ha* 
unquestionably originated. It is light en 
to float on water ; burns with a clear llamef 
and with a bituminous smell mixed with that or- 
sulphur. It has often (he resemblance to wood- 
that has been half charred. ■ 
Jaines. Is the black coal that which is per- fl 
fectly bituminized ? ■ 
Tutor. It is; in this there are no traces of ■■ 
the remmns of the vegetables ffom viW>& ^S>. ^ 
I M^naled. It is thoMg^l la ^it a. wiaiv^*^*' 
Urtnmea and charcoal -, au4,«;.cfti&.'a?»'^'>"^'*-'*^" 



ferent proportions of these two ingredients, its I 
properties vary. The best kinds melt oq the M 
applicatioD of a moderiite heat, and burn almost fl 
entirely away, with few ashea as a residuum. ■ 

Charles. I have often observed coals to burn ^ 
away, almost like pitch. ' 

Tutor. These may he distilled ; and, as results, 
ihey give out tar ; heavy carburetted hydrogen 
gas, now used in gas-lights ; and in the retort ■ 
is left a hard, heavy kind of charcoal called ■ 
coak. *- ■ 

James. What is glance coal ? 1 

3Wor. It appears to consist of almost pure, 
charcoal, without any bitumen, and combined 
only with a portion of earth. In many parls it 
is called stojie coa). 

Charles. Does this admit of distillation ? . J 

Tutor. It does, but it yields no tar ; but a car-i fl 
buretted hydrogen gas, which, from its inferior fl 
density, cannot be used as gas for lamps. fl 

James. )s peat of the same nature as coal ? V 
Tutor. Peat, or turf, is the remains of vegeta- ) 
l)le organization, and consists, in a great measure, .i 
of fibres of several mosses, with occasionally S 
whole branches, and even trunks of various trees. J 
It is extremely inflammable in the open air, and, TJ 
wh en di.^tilled in close vessels, yields products ' 
^" " r to those of coal. 
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CONVERSATION XXV. 



Of Tmi0m% Cotwring Mastery Suhtry aThd Wood. 



TUTOR. Of the vegetable acids we hare al- 
ready treated ; we proceed to tanniny or the tan- 
MtM principle. 

€k4$ri98. U not that obtained from the bark of 
the oak ? 

Tutor. Tes, and from the gall-nut: and also 
from the bark of all astrit^ent vegetables. Its 
chief property is that of rorming an insoluble 
compound with animal jelly ; on this property is 
founded the art of tanning hides, or making lea- 
ther. 

Carles. In what manner is this substance ob- 
iained? 

Tutor. By adding to a strong infusion of oak- 
bark a solution of muriate of tin, a precipitate is 
thrown down containing tannic «sv& ^^^\^ ^\Sxs^« 
This MBtobe disfoived in via\%T , wcA tsoNi^^^'c^^^^^ 



hydrogen added, which unites with the tin, leaving 
_>Ue tannin free. 

■ *' Charles. What is meant by the cidouring net- 
■-ftr. 

Tutor. It ia that part of vegetables that is nsed 
for dying, calico-printing, and other operation! 
of a similar nature. 

James. Is it found separately in them ? 

Tutor. No : it is combined, ! ■ with the extrat- 
tive matter: 2, with the gum ; in these cases it 
is soluble in water ; 3. with the farina ; in Ibis 
instance it is easiest soluble in sulphuric acid i 
and 4. with resins, when it requires alcohol, oil, 
or an alkali for solution. 

Ckartes. Is the colouring matler easily obtun- 
ed? 

Tutor. It has a great affinity for alumina and 
the oxyde of tin; in consequence of which, the 
solutions of these substances readily precipitate 
infusions of the colouring matler in water. 

The modes of obtaining, and of transfeiriif 
the colouring principle from one body to another, 
so that it shall be irrevocably fixed, constitntei 
the whole art of dying. 

James. 1 was not aware, that all the beautifDl 
colours to be seen on cottons, ailks, wools, &c., 
were obtained from vegetable substances. 

Tutor. The great variety of colours, observed 
in died substances, are reducible to four simple 
ones; viz. the blue, obtained from indigo; the 
red, afforded by coiihiue*A,inaAie.i, archil, Bi 
zH-wood, and the saSion fiowtt ■, Ave. ijeWi- 
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tained from wild American hiccory, sumach, tui 
neric, fustic, and quercitron bark ; and thS 
black IE) a combination of the red oxyde of iron 
with ^llic acid and tan. 

Charles. Are these colours fixed by merely 
dipping or boiling the substances in them ? 

Tutor. Some of the colours are permBnently 
attached to the fabric in this way, while others 
would leave a mere staiti, removable by wash< 
ing. 

James. How are those to be fixed ? " 

Tutor. Through the medium of a proper basiti 
The principal basea are alumina, and some fX 
the metallic oxydes, in combination with the se- 
veral acids. 

Chnrles. Then colours are dialingnished int< 
Ihose that are permanent of themselves, and thoatt 
that are not so ? 

Tutor. They are ; the former are denomini 
ted substantive colours ; the latter are called ad- 
jectivt colours, 

I will now show you a few experiments, which 
will make this subject sulficleutly iutelligiblei 
without going into the whole theory. 

Experiment 1. Id this gl.-iss is a Golotion of in- 
digo, in diluted sulphuric acid ; and 1 will add to 
it an equal quantity of carbonate of potass. {' 
will dip into it this piece of white cloth. 

James, It is a fine blue. 

Tiilor. Yellow cloth dipped in it will be chi 

lo green, and red wiU be ton 
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Cochineal h naturally of a red colour ; but il 
_.. used for scarlet dying ; to obtain the scarlet 
jnie, Atartrite o/poiast ia used as a base. 
~. Charles, Is cochineal reckoned among tbe soil- 
Stantire or adjective colours ? 

Tutor. It is an adjective colour ; the basis bj 
ivhicb it is fisedto the cloth U the osyde of tin. 

Ex. 2. Here is a decoction ofcochineal, which 
will only stain a piece of cloth ; I will add to it 
some tartrite of potass and a little nitro- muriate 
of tin, and now it will afford a permanent scarlet 
colour. 

Ex. 3. Here is some die from the quercit 
bark, a species of oak ; this is an adjeclii 
colour ; but by tbe aid of alumina, as a base, 
get, as you shall see, a bright yellow. With 
oxyde of tin, all the shades from a pale lemon 
a deep orange are formed ; and with the oxi 
nf iron it gives a drab colour, 

Ex. 4. To this solution of carbonate ofpol 
[< I will add an equal quantity, by weight, o£nitnti 
Ljif iron. This will produce the permanentbdl 
colour of the calico printers. 

Ex. 5 Equal quantities of arnotto and polau 
of commerce, dissolved in boiling water, wiU 
give the nankeen die. 

Ex. 6. Here is a piece of dark brown linen, 

which has been died with fustic ; 1 will, with n 

camel's hair brush, draw some figures on ii. 

with a solution of muriate of tin. The figures nill 

. qaickty appear yettow\Ta\«wiaChcown. 
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iarlti. Will you repeat lo us the process o£ 

Tutor. The stuff to be died must 6rst be clear- , 
ed of all glutinous and greasy matter, by being 
washed ; it is then, in some cases, to be bleach- 
ed, by exposing it to the action of oxygen. The 
piece thus prepared is to be impregnated with 
the mordant, which is to fix the colour, such aa 
iilamina, the muriate of tin, &,c., and tbeu it iB to 
he passed through the colouring liquid. 

Charlti. What do you mean by the term of 
mordant ? 

Tutor, To make the colour stand, it is, in gene* 
ral, found necessary to use an intermediate sub- 
stance between the colouring matter and the staff 
to he died ; this siihatancc is called the mordant. 

James. Will not the colour last without this 
precaution ? 

Tutor. In almost all cases the stulTs would lose 
their colour again by exposure to the air, or by 
washing in water. Mordants are employed to 
give lustre as well as durability. 

James. I thought the alumina and metallic ox- 
ydea had been previously mixed, aa bases to the 
colouring matter ? 

Tutor. In some cases they are ; and, wben 
used as mordants, they must be so contrived as 
to have an affiuity both for the colouring matter 
and the stuff itself. By a decomposition between 
the mordant, and the substance which holds the 
colour in solution, the toVom \* ^fe6."^^a^*.^ ^». 
th« baieof the mordaiQ^. awiii&veT«t" 

VOL. u. \Z 
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CONVERSATION XXVI. 



Of Fermentation.— Putrefacliori. 

TUTOR. Having already given an account of 
those principles which conslitute the vegetable, 
we shall now consider the changes to which Ihej 
are subject. 

James. Do you refer to putrefaction, to wh 
all Fegetables are liable when dead ! 

Tiilor. That is one of the changes to whi 
mean to call your attention ; but there are 
ers, which come first in order ; these mayi 
ranked under the general term of fermentoj 
of which there are three kinds enumerated 
Dr. Thomson, vi:. the panary, the vinous^ 
the aettoui. 

Charles. What is meant by fermentation ? 

Tutor. It is a spontaneous motion, which h 
place in certain substances when exposed tti 
air, and a proper degree of temperature. 

Jamts. In what does it differ from | 
tion? 

Tutor. Putrefaction w the last sta^ of 
aeatAlioD ; thej ate bol\\ i\atm^\ftVt4\i-j 
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teurtlirown off in the stale of Bias, or vapour, 
which, when very olTensive and noxious, 
siiontaneous decomposition is called putrel'actJonV 
but when tlie smell is not offensive, or when any 
of the new compounds formed by the decomposi- 
tijn can he applied to useful purposes, the spon-' ' 
tineous decomposition is called fermentation. 

Ckurlt.s. I think 1 understand it now ; by/er 
iMHtiition is meant the spontaneous change^ 
which take place in vegetable substances, afte* 
lliey are separated from the living plant; putre 
&ction succeeds fermentation. 

Tutor. Two thioijs are absolulely necessary uf 
fcrmentation : 1. A certain poi'tion of moisture f 
-And, "i. A temperature higher than the freezing 
^int. 

Jniacs. Have not some vegetable Huhstaiiccs 
{greater tendency to fermentation than others t 

TulBr. Certainly ; sugar, gum, wax, resii: 
i-amphor, &c., placed in circumstances the most , 
I'iivouriible for fermentation, show little dispoB^t ' 
rion to chnnge. Whereas gluten, some of the 
vegetable acids, and extract, are quickly derom-' 
posed. But fermentation is most perceptible^: 
and the change is most remarkable, when sevev 
ral vegetable substances are mixed togetbenj 
When gluten, for instance, is added to-asolutioC 
of water, it turns to vinegar. 

There are some substances peculiarly eflicaji 
uiotis in exciting fermentation \ tlie«% -axe. cl^vJ 
fermeals. 

Charles. Isyest one of tW^e'*, 
\6* 
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Tutor. It is : and is, as you know, used lb 
the purpose in the process of brewing, distilling 
ahd bread making. 

James, Now I know what is meant by panar 
fermentation ; it is that which takes place in ms 
king bread. Would not the flour and water fei 
ment without yest ? 

Tutor, It would, but not quick enough to mak 
good bread ; it would become sour. Paste thu 
made, and suffered to get sour, is called leaven 
a small quantity of this, added to newly mad 
paste of jQour and water only, will quickly cans 
the whole to ferment, and to swell in every d 
rection ; and from this, if the proportions at 
well adapted, good bread may be made, 

Charles, I now see the meaning and force 
the expression, '' a little leaven leaveneth the wh 
lunvp,"*^ 

James, What is the cause of the swelling 
the paste ? 

^ Tutor, By fermentation, a gas, probably 
carbonic acid gas, is evolved ; but, as the p 
is too stiff to let it escape, it causes it to s 
out in every direction ; and, if baked in 
state, the air-bubbles, imprisoned in every 
Jrender the bread full of little holes, called 
and very light. 

Charles, 1 wonder why so much pains f 
be taken to get yest, and such complaints 
when, in hot weather, it is scarce, sine 
"^aa be made so easily w'ltViowt \\. 



(or. The thing ia far from easy ; and 
difBcnIty of proporLiouiiig the old atmr leaven to 
the new paste, which must be done ivith great 
nicety, has led to the general use of yest, or 
burm, asiti!« cnlled in some couoti-ies. 

We shiill proceed to vinous fermentation ; this, 
comprehends every species uf fermentutioo^ 
which terminates in the formation of an iatonica* 
ting liquid. 

Jainet. Does it include all kind of spirits, a 
well as wine and beer ? 

Tutor. It does ; but all these liquids may ^9t 
divided under two genenti heads : I. Those o)>>' 
tained from ihe juices of plants, as wines of s" 
kinds; and, S. Those obtained from the decoc- 
don of the seeds, as beer. 

CItarUs. Will you explnin the nature of vinoM 
fermentation ? 

I'litoT, From ripe fruits, as the grape, cuK 
rant, apple, &c. may be expressed a lii|uid of a . 
Bweet tiiste, which is called i/iutt ; this is found 
to be composed of water, sugar, jelly, gluten, 
and an acid partly saturated with putnss. When 
the must is brought into a tempenitiire of about 
70", the ditferent ingredients act opou each '' 
other, and tlie vinous fermentation commences ; 
the liquor becomes thick, the temperatun 
creases, and carbonic acid gas is evolved. In a 
few days the fermentation ceases ; the liquor bi 
comes clear, it has lost its saccharine takls,^« 
I oiieof a pungent oalurft'iS aK.^^w«.&. Ni'a^M-* 
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time al'ter this, it acquires a brisk lastc, and a 
intoiicatiug property. 

James. To what is the strength of wins attr 
buted ? I 

Tutor. Principally to the sugar, fur it has befi 
shown, by esperiments, that always, in propol 
tion to the quantity of sugar in the must is lb 
strength of the wine. 

Charles. Will sugar and water make wine ? i 

Tutor. The vinous iermentation will not tall 
place unless yest be added : it seems to he i 
established principle, that, for the production i 
wine, live things ore indispeosiibly necessary 
1. a certain temperature ; 3. watei: ; 3. augm 
4. a vegetable acid ; and, 5. gluten. 

James. How then is niuc m^ide with su 
water, and yest only ? 

Tutor. Because yest contains the gluten an 
the vegetable acid. 

Charles. As the sweet tn.'^te is lost during fei 
mentation, it should seem that the sugar is dt 
composed. 

littor. Do you recollect of what sugar 
formed 1 

Charles. Of oxygen, carbon, and hydrogen. . 

Tutor. In fermentation, the oxygen and cai 
hon of part of the sugar are supposed to con 
bine, and go off Id the shape of carbonic aciJ 
gas ; while the other part of the sugar, contaii 
ing an excess uf hydrogen, remains la the foi 

■/antes. Wjiat is alcohol \ 
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I liighly inlliunniiibla spirit, < 



□itcbted to it for its 



posed of hydrogCD, carbon, 

strength. 

CItarlo. What other prinr.iplea doea wiqb 
contain '! 

Tatar. I. An acid ; besides this, those that 
possess the property of frothing, when poured i 
iDto a glass, contain carbonic acid gas. 2. T' 
sjtntQtive matter, to which it is indebted 1 
colour ; Ihis diminishes in proportion to the a 
' of the wine, as it gradually precipitates to tl 
bottom or sides of the vessel. The colounag- ' 
matter of wine is separable by lime-water. 

The principles now laid down will explaia 
the nature of all intoxicating liquors, as cider, 
perry, and English made wines. 

James. Does the proce.'is of brewing, or 
beer making, materially differ from that of the 
manufaclure of wine ? 

Tutor. Beer is obtuined from malt by n 
of vinous fermentation ; and from beer, eyeik' | 
small beer, alcohol may be obtained. 

Charles. What is aceious fermentation ? 

Ttilor. If wine, or beer, be exposed to 
of from 75° to 83", and air freely admitted, i 
loses its taste and smell, becomes sour, 
turns to Tioegar. 

Jaines. Is weak or strong wine most readilj 
converted lo vinegar ? 
I Tri/or. Tha weaker ftiiiis ^te. \\»e.^>a*.* 
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tbe purpose, as etrong wine, or strong bed 
resiste the change. 'M 

Oiarlts. What U the cause of this change?'J 

Tittor. The abaorption of oxygen from then 
moBphere; of course, if wine be preserved irfl 
all access of tbe air, it will not become sour. M 

The last change, or final decompoaition ■ 
Vegetables, is puirefaciion ; in this state emnfl 
nia ia formed, accompanied by a very oETenan 
smell ; to accomphsh nrhich, moisture, heat, afl 
a proper access of air, are necessary. fl 

James. You have told us of what ulcoholj 
composed : pray liow is it obtained in that std 
of puri^ in which it is used in Chemistry 1 V 

TiitoT. It is obtained by repeated diHtillatiM| 
from wine, or even beer, or from spirit of wiiM 
to which the very dry sob-carbonate of putn 
is to be added : the mikture is to he wm 
shaken ; the clear liquor is then to be decaiM 
ed, and this opeiation is to be repeated as loll 
as the alkali is moistened by the spirit. Wba 
the potiiHs has ubserbed nil the moisture, til 
clear liquid is to be distitlcd by the heat ot\ 
water bath, and the result is pure alcohol. \ 

Ckartes. Will not alcohol boil with a heal 
much lower than that required to bring wat^ 
to the boiling point ? ' 

Tutor. Yes, it will : but it has a still moi^ 

valuable property ; it has never yet been con- 

^oqied by any degree of artificial cold, whicM 

readers it o/'great impoilance as a ftve^m.i«ftft\s^ 

:oi' very ioiv temperatures. ' 



By diatillulion witb cerlain a 
brms etber, which is the lightest and most vqj| 
htile of all tiquida. 

Jnmes. How U ether obtained ? 

TiUor. There are different iprocesses, 
cording to the acid made use of. Nitric ether 
18 thus prepared : to a quart of alcohol, con- 
tained iu a glass retort, 1 must add, by degceee, 
half a pound of nitric add ; and, alter each ad- 
ditioD, the materials must be cooled, by Betting 
the retort in a vessel of cold water. The mix- 
lure is then to be distilled, till about a pint and 
a half have come over. 

Charles. Is that pure nitric ether? 

Tutor. No, it must be redistilled, with th< 
addition of pure potass ; preserving only aboul 
the first hidf, or three fourths, of that whii ' 
comes over. This is pure ether. 

James. What are the properties of ether 

Tutor. Some of the most striking are hs fol 
It is extremely evaponible ; a few drops poure4L 
on the hand, produce a sense of cold. By pour- 
ing asmall stream of ether on the bulb of a ther- 
mometer tilled with water, from a capillary tube, 
the water is frozen. A mixture of the sulphuric 
and muriatic ethers, produces a degree of cold 
below of Fahrenheit. It dissolves resins and 
essential oib. and resins. It is highly inflamma- 
ble, and when mixed with oxygen gas it detonates 
loudly. 
. Experiment. Into this stroB? Iwo ft^n.<i«.^ 
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filled with oxygen gas, which I have wra| 
round with cloth, to prevent accidents, 1 wi 
fall a drop of ether, and then apply the flai 
a candle to the mouth of the bottle. 

Charles. It has produced a very violen 
port. 
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Of Aniinal Substances. 

TUTOR, Animal substances, concenuDg which 
we are to cop verse to-day, are more complicated 
in their comftosition than vegetables. 

Charles, Are they also resolvable into a few 
general principles ? 

Tutor, They are : the names of the principal 
of which are as follow : animal jelly, or gelatine ; 
albumen ; gluten, or fibrin ; animd resins ; ani- 
mal sugar, and animal oils. The animal acids 
have alreadv been noticed. 

James. The names correspond very much to 
those of the vegetable substances. 

Tutor, The constituent principles also are 
nearly the same in both ; but animal substances 
contain more nitrogen, or azote, and phosphorus ; 
and the vegetable substances more carbon and 
hydrogen. 

Charles. In what part of 'Atvsxosi^^ \^ ^^ s|^^- 
tJne fouod ? 
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Tutor. It is dispersed in every part, even uv , 
the bones ; but it csists in the gre;ttest quauU^J 
in the tendons, membriines, and the skin. ■ 

James. What ore the properties of this sid 
stance ? 

Tutor. The distinguishing characteristics a 
I. A solution of it in warnk water concretes, t 
cooling, into a gelatinous inass ; 2, Wfaei 
lution is evaporated, it forms a tough sen 
parent mass, which may again be disEolved ii 
water. 

Charles. Is it glue to which ynu refer 1 

Tutor. I do ; gelatine, when evapomted, forim' 
the basis ofghie, isinglass, and portable soup; 
and it constitutes the nutritious parte of jellies. 
It may be extracted from all the sqt\ parts of ai ~ 
IBals, and from the bones, by means of a dige: 
er.* 

* James. Do not animal jellies soon becomS' 
sonr ? 

Tutor. The solution of gelatine, exposed tf •] 
the air, undergoes the ncetous fermentation, aoi' 
soon spoils ; soup, therefore, infended to be 
kept, is evaporated to dryness ; and, in that 
state, like glue or isinglass, it may be pref^erved 
almost any length of lime. 

The union of gelatine, in the skin, wilb tannin, 
constitutes leather. 

Chartet. What is albumen ? 

Tutor. It is the principal constituent part oi 
/Ae serum of blood ; the while o? e-gfe*, 
'5PBScfen1ificDialof:ue':Vo\.'vv.\>.w 



J 



ANIMAL SUBSTANCES. IS^f 

' mied, consists almost entirely of albumen. 
is insoluble in water, alcohol, or oil ; and cO' 
acEulates, by a Lent of 160'' Fahrenheit, into a 
white solid mass. You see the reason why 
sui^ may be reliued intliscrimiDatcly, either by 
the serum of blood or the whites of eggs. 

James. Yes : because albumen is the princi; 
pal and constituent part of both. 

Tutor. Dr. Henry says, that albumen not 
only forms a large part of the blood and solid 
parts of animals, but, with the exception of 
water, composes, perhaps, the largest part of 
the auimal substance. 

Charles. What IS the animal gluten or fibrin ? 

Tutor. ,lt is fibrous, and forms the basis of the 
muscular or tleshy parts of animals ; it has a 
white colour, and is destitute of taste and smelli 

James. How is it obtained in this pure state ? 

Tutor. By washing away all the other parts 
from (he muscular fibre ; or it may be had from 
coagulated blood, by laying it on a linen strain- 
er, and pouring water upon it, till a white fibrous 
nutter alone remains. 

Charles. Can this substance, like gelatine, be 
ilred in water? 

No, except by the heat of a digester ; 
M is insoluble also in oil»', alcohol, and ether. 
But in acids it is easily dissolved ; and also in* 
alkalies. By its union with the latter, soap is 
ibimed. Hence soap has been made fcomwitA. 
m^jSaiiiwl resin." are fownd vaftvftbiVt, ^i^^^ 
Va dark brown cglour ■, bul s^\«isS> 'S'a.'t'^ 



on a while grouniJ, they exhil)il -d briglil grai 
green. They arc inlensely biller. They a 
Bolnble in water aad alcohol. 

Jamen. Is the animal resin found only in t] 
bile? 

Tutor. There are several animal aubatanca 
which possess similar qualities ; as tt 
found in the ear, ambei^ris, castor, &c. 

Charles. In what part is the aoimal 
found 1 

Tutor. It enters lai^ely into the compositie 
of milk, and other animal fluids. 

James. How is it obtained from tnilk ? 

Tutor. Milk, if suffered to rest, throws n 
cream ; this being taken off, the remainder In 
cornea sour, and separates into a curd of whey 
the latter is similar to serum, mixed with sugi 
and lactic acid. 

The whey is to be evaporated to the coo 
Btstence of honey, and when cool it concreU 
into a solid mai^s, which is to be dissolved! 
water, clanlied by whites of eggs, filtered, 
again evaporated. On cooling, white crysta 
are deposited, which arc sugar of milk. 

Ckarhs. Does it differ in its properties froi 
vegetable sugar 1 , 

Titlor. Yes. it docs : it requires, for solution,, 
seven parts of water, and it is insoliibl 

Milk mny be made to pa.=s into the 
/erineiit.ilioa : ami, amon^ iVie Ta.Yta.t lTib6a«,j 
'' opinions in(oidcat!n5 ViquOT "\s mait ^^«a 






mfii'eH' milk, which in in high request 
coimtrj. 

Jamr.s. What is meant hy animnl oils 1 

Tutor. Among these are ranked, by chemists, 
butter, fat, spermaceti, S:c. 

Ciiarles. Butter is obtained from cream. 

Tutor. Yes ; it is never found reudy formed 
in any animal substunce, but it poaseiises the 
properties of nn oil, and mises readily with other 
oily bodies. Butter, when distilled in a water 
bath, gives over water, an acid, and an oil. 

Under the denomination fat is included suet, 
which is brittle ; and lard, which is soft and 
i^emifluid. 

Janiea. IVhat are the properties of this ? 

TutUT, Fat is insoluble in water, alcohol, andj 
ether ; the strong acids decompose it ; and with 
the alkalies it combines and form? soap. \ 

Spermaceti bears some resemblance to waxji 
but it is more readily fusible. Pure potass acts 
upon it, and it is decomposed by acids. 

Even the muscular or lean part of animals 
may be converted into a substance resembling 
spermaceti. 

Oiarles. How is that eflectcd ? 

Tutor. The fleshy part of an animal is con- 
tined in a box, in which a number of holes are 
made, and which is kept for a considerable time 
under the surface of a running stream. In a 
few months the change takes place spontane- 
ously. The French Ghenu^\& t^ftiS.*.\&s*ais«fc 
rs obtained aiiiBocire. ^ 
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James. Is it like spermaceti in appearaace i 

Tutor. It is of a light yellow colour, of the 
consistence of tallow ; but it differs in many re- 
spects both from tallow and spermaceti. 

Charles. Of what are bones composed ? 

Tutor, Besides gelatine and fat, which may be 
obtained from bones, they contain three earthy 
salts; namely, 1, the phosphate of lime, which 
constitutes by far the greater part of the whole.^ 
2. carbonate of lime ; and, 3. sulphate of lime. 

James, Are the finger and toe nails composed 
of the same substances as the bones ? 

Tutor. No ; they and the horns and hoofs of 
animals arc said to resemble coagulated albumen. 
But egg shells, and the shells of lobsters, and 
other crustaceous fish, nearly resemble bones in 
their composition ; but in these the carbonate 
oi^ lime predominates. That beautiful substance, 
mother of pearl, is composed of carbonate of 
lime and membrane. The scales of fishes are 
coipposed of membrane and phosphate of lime. 
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CONVERSATION XXVIII. 



Of Mineral Waters* 

TUTOR. The last subject that I shall at 
present discuss with you, respects the mineral 
waters, 

Charles. How are they distinguished ? 

Tutor. Ail waters, distinguished from common 
water by a peculiar smell, taste, and colour, 
and which, in consequence of these properties, 
cannot be applied to the purposes of domestic 
economy, have been called mineral waters. 

James. What are the causes of these peculiar 
properties ? 

Tutor. The substances hitherto found in mine- 
ral waters are, 1. air and its component parts^ 
oxygen and azotic gas ; 2. acids ; 3, alkalies 
and earths ; 4. salts. 

Charles. Does any mineral water contain all 
these substances ? 

Tutor, Few contain more lVi«[v ^n^ «^ ivs^^l^ 
these aabsUnce^ together. A\y Va cQtkVav^^^ ^^ 
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most of them, but its proportioa does uot exceei 
the one- twenty-eighth of the bulk of water. " 
y§en gas is rarely detected in water. As 
gas is found ia the BuxtoD and H^irrowgate 
ters, and in those of Lemington Priors. 

James. What are the acids discovered in 
||ier;il waters ? 

Tutor. Carbonic acid is found in the PyrmoB 
waters : lulphwic acid ia several hot n 
waters in Italy, which are situated in the neigh- 
bourhood of volcanoes ; the boraclc acid in some 
of the lakes of Italy ; and sulphuretted hydrogen 
gas is the most conspicuous ingredient iu ivatei'> 
denominated hepatic, or sulphureous. 

Oiarlea. Are all the alkalies found in minernt 
waters ? 

Tutor. No ; soda is the only one I'ouud un- 
combined ; and the only earthy bodies are silica 
and lime. Soda was discovered in the hot miae- 
ral springs of Geyzer, in Iceland ; in uiost other 
caees, the soda is combined with carbonic acid. 
Intbe same, and many olher wulcr^, silica has 
been found. 

James. Is there not some partiriiltir aubstancft 
that usually predominuLes in each mineral wa- 
ter? 

Tutor. Yes, there is ; and on that account mi- 
neral waters are usually divided into classes, dis- 
(ingaiehed by that substance. 

Charles, Into how many classes are they diyi- 



Tuiui'. Into Tour, riVv the 

I. Acidulous, 3. Hepatic, 

S. Chii]}'beate, 4. Saline. 

Jama. How are the acidulous waters distiD- 
guished ? 

Tutor. By Iheir acid taste, and by their spark- 
ling like Chumpagne wine when poured into th( 
glaBs. They contain a considerable proportic 
of carbonic acid, and generally some common sa 
and eurlhy carbonates. 

Ckarlta, The chalybeate waters contain, I su] 

Tutor. They do, and are distinguished by tl 
property which they have of turning black wit 
the tincture of nut-galls. The iron is usnall, 
held involution by carbonic acid ; and, if the aci 
is in excess, the waters are not only chalybeal 
but acidulous. This is the ease with the wi 
tera of Spa and Pyrmont. 

James. What are hepatic waters ? 

Tutor. They are those which contain sulpht 
retted hydrogen gas, and which are easily disliri 
guished by the odour which they exhale, and b 
the property which they have of blackening 
rer and lead. 

Charles. What is meant by saline waters ? 

Tutor. They contain salts in solution, without 
iron or carbonic acid in excess. These are divi- 
ded into four different orders. I. Waters with 
salts, whose base is lime, and generally e,\VVve.t ■». 
carbonate or sulphate ; these aceti\ft^^&T4.™»s- 
/erj. S. Those in which commo'ci ^'i^- -^sf-^*^^ 
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nates, ivhich are known by iLeir Laste, bind ususl- 
ly contain some magnesia aod ciilcareous salts. 
3. Those tiiat contain sulphate of magnesia^ have 
a bitter taste. an<l are pui^ative. ;I. Those that 
contain carbonate of tiodn, which are known bjt i 
the properly of tinging veB;etable blues green. 

Jamea. Are there any methods of aseertainiq' 
the different substances, and their proportioi 
uonlained in particular waters ? 

Tutor. There are, bat we cannot enter { 
large into the subject ; it will be sullicient iff 
give you a little insight into it, nnd t 
by what means the presence or 
different substances which occur in waters a 
be ascertained. 

Charles. How are these substances discovCil 
ed? 

Tutor. By the addition of certain other sa^ 
stances to the water under csamination. 
sequence ofthe addition, some change is exhil 
ed, which shows the presence or absence of hi 
dies suspected. 

Jamei. Are the substances thus employe 
ed tests ? 

Tutor. They are, as being the instruments b 
means of which the imalysis of water it 
plished. Suppose, for instance, cariom 
suspected to be present in water to be analyzed fl 
I must try it with Hme- water ; and, if Ihei-e b" 
any carbonic acid uncombiqed, it will occasion'^ 
precipitate ofilw lime,whie\i is B(i\\\Wc,wvtt ef- ' 
/'"rvrrfrence. in miirialic jijiA. "Ybe ^i^vi^cttt^ <s^ 



carboiiic acid ma^ be ascertiiined b; tincture s 
turnsole, which discovers also the presence or 
any olher acid. 

Oiarles. [ should not then be able to Baf» 
wfaethet it was the carbonic acid or any other. ' 

Tutor. But, by boiling the water, this woaH 
be easily known ; because, if it were the car^ 
bonic acid in the water, it would lose the propefr 
ty of reddening the vegetable blue wheo boiledi 

Jamta. Are vegetable colours good tests of the 
exiitence of acids and alkalies In mineral waters 2 

■Tutor. Yes, the J are : paper, dipped in an ia« 
Ibsion of retl cabbage, will discover an ucid, i 
en alkali, in any mineral water ; the former w: 
change it to n red, and the l;itter to ii green. 

Chtirle-i. How would you discover the sulphu- 
retted hydrogen gas ? 

Ta'or* By means ofanacetile of lead : lettei^ 
written on paper with this, will, if dipped intt 
water conbiining this gas, be instantly changed ti 
black. 

James. In some mineral waters there is s 
phuricacid ,■ how would that be ascertained? 

Tutor. By the addition of the muriate of 
barytes, or the muriiite of lime ; either of whictb 
will form a precipitate ; but the former is thtf^ 
most delicate test, it being capable of detectiiq^ 
the presence of sulphuric acid uucombined, nhei( 
it does not exceed llic millionth part of the w»- 
irr. 
^—J.r'iiir. in water, may be A\sw^CTe.4^Mi 
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dition of some oxalic acid, which 
white precipitate, (o) 

If water is supposed to coataio iron, the 
tore of gnlla is a good test, and will eshibit a 
pie or black colour, if there be iron in the w 
If the tincture has no effect upon the water after 
it has been boiled, thou^ it coloured it before, 
the iron is in the state of a carbonate. But if it 
still changes colour, the iron is suspeniJed b; a 
fixed acid. 

Muriatic acid is detected by a nitrate of ailvet, 
which gives a white precipitate in water, con- 
taining a Tery minute portion of this acid : and 
boraric acid is discovered by means of the acetate 
of lead. 

Cliarhs. Suppose the water to contain two or 
raot'e species of gas, how could they be diatin- 
guiahed ? 

Tutor. If the carbonic and azotic gases are 
doixcd together, and F^itated over water, the for- 
mer will be absorbed, but not the latter. To ob- 
tain, therefore, the gases, that may be in mineral 
waters, heat must be employed, aad the gas re- 
ceived over mercury. The nest step is to eva- 
porate a considerable quantity of water, and to 
collect the residuuiD, which is to be put into a 
pbfal with alcohol. They must be shaken to- 
gether ; and, af\er standing a few hours, the mix- 
ture must he filtered ; the alcohol dissolves all 
the deliquescent salt^, as the muriate of lime. 
£c. To the residuum, not soluble in alcohol. 
^dd distilled water, which wVU VjV.' 
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and what remains generally consists of 
alamma or siliceous earLhs. AAer this, the so- 
lutioDs in alcohol and in water are to be examin- 
ed by proper tests, which wiU enable us to ascer- 
tain the nature and quantity of each salt whicll 
(hey coQ tain. 

James. Can you confirm your analytical proof 
by synthesis, aad thus procure a water ttinulur to 
one you have examined. 

Tutor. Those waters that contain only soliA 
ingredients are easily imitated ; but such as coiw 
lain gaseous substances frequeutly require a good i 
deal of contrivance. In other cases, the whole 
may be done by means of an apparatus, contrir- 
ed by Dr. Noolh. 

Charles. Was it invented for this purpose ? 

Tutor. It was : and it is generally denoi^ 
inated Nooth's apparatus for making artifi- 
cial waters, a (Fig. 18) is the upper resse^ 
the neck of which reaches nearly to the centr* 
of the middle one, s, which is half filled with wa* 
ter, and it has a glass valve, through which the 
extricated gas rises. At c the materials are put 
in. F, in the figure Just above, represents tho 
valve on a larger scale. 

James. By what means would you imitate anj 
water ; the Bristol water, for instance ? 

Tutor. I GKamtne and find, that the Bristol wa- 
ter, in its natural state, is indebted for its princi- 
pal properties to the muriate of nw^fe%\'a,iMo " 
ute of soda, and sulphate of soda,\)ea\ie* *>^ 
Iconic ucidgas. I, tbetefove.b-j Tnea.u'*^'^^'*'*'* 
yoL. „. la 
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apparatus, itopregnate the water with carbonic 
acid, and liien add to it the above-mentioned salts, 
in proper proportions. If the water be then 
heated to 74", it will possess the same proper' 
ties as the natural water when newly drawn. 

Tunbridge Wells water is iniitated by impi 
Dkting distilled water with carbonic acid gaa' 
before, and then suspending in it iron wire, 
iron filings. The quantity of iron dissoJi 
win be in proportion to the quantity of acid 
Borbed. 

The analyws of water is important, nls 
regard to many of the more common C( 
of life. If water contains lime, combin 
any of the acida. It is unlit for brewing, distillii 
tea making, to. ; it is usually denominated hi 
water. 

Charles. Is it also unlit for washing li 

7\itor. It is ; because it will not so easily 
Bolve the greasy matter?, but chiefly because" 
decomposes the soap. In this state it is also ui 
lit for several culinary operations. 

James. How is it remedied ? 

Tutor. Lime is, in general, held in soluli 
the carbonic or sulphuric acids ; the lime, 
have just now shown, is detected by the t 
acid ; the sulphuric acid by means of the i 
ate of barytes ; and the carbonic acid by lime- 
waler. 

1/ carbonate of lime render the water hard, it 
may be pariiied by boiVitig, vi\iVc\\ 4i:"v<i 



I 



MINERAL WATERS. 201(1 

carbonic acid gas, aod precipitates the lime ; bu(^ 
when it is caused by the sulphate of lime, a sOt 
lution of polaasmity be poored into a given quaQ> i 
tily of water, as long as it occasiona aoy turbid- 1 
ness. In this way it is easy to deiermine the. • 
quantity of alkali which a given quantity of wa- 
ter requires for ils correction ; and, when this J 
is done, it is easy to put a proper quantity ot 
the salt into the water ; let it remain a few h 
decant the liquid from the sediment, and it \ 
be fit for any domestic purposes. 

Putrid water is purified by means of charcoal u 
and water, put into casks that have been newljH 
charred, will keep sweet a very long time. 
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Of thfi Goi Lights. 



We have, in Ihe first volume (page 169,) re% 
ferred to the subject of Gas Lights, meaning to 
give, in this place, a more enlarged account of 
the subject ; but we have already extended the 
Tolun^es so much, that we must necessarily be 
brief in our observations. 

To obtain carburetted hydrogen, or coal gas, 
from conimon pit coal, and to apply it to the pur- 
poses of illumination, the coal is introduced into 
large iron cylinders, called retorts, to the aper- 
tures of which iron pipes are adapted, terminat-r 
in§ in a vessel or vessels intended to collect and 
puriijir the gas. The retorts, bei^g filled with 
coa], and made air tight, are placed upon the fire, 
orruther surrounded by fire, Wi^ ^lC^qh q^ >nVv\r.\\ 
extricates the gaseous producV^ ^xota ^^ ^^^^ 



together with n watery ammaniacul vapour, a 
a teuacious bituminniis fluid, or tar. 

The liquid substances are conveyed into pro- ] 
per vessels, and the gaseous products are con- 
ducted by means of pipes, into a res 
From this there are other pipes, that branch out 
into smaller ramifications, until they terminate at 
tbe places where the lights are wanted. The 
extremities of the pipes have small apertures, 
out of which the gas issues ; and the streams of 
gas, being lighted at those apertures, burn with 
a cleiir and steady flarae, as long as the supply 
of gas continues. 

The pipes, which come from the gasometer, 
are furnished with stop cocks, to regulate the ad- 
mission of the gas. The burners are formed in 
viirious ways ; as in the shape of a tube ending 
with a simple orifice, from which the gas issue) j 
in a stream; or two concentric tubes of brass 
are placed at a very small distance from each 
other, and closed at the bottom. The gas, which 
enters between these cylinders, when lighted 
Ibrms an Argand lamp, which is supplied by an 
internal and external current of air, in the usual , 
manner. Another method is by two concentiia I 
tubes, closed at the top with a ring, having si 
perforations, out of which the gits olone can ia-.| 
sue ; thus forming minute but distinct streams oj 
light. This is chiefly Mr. Accum's account, whgt 
has given, in his work (page 95,) a descri^titw 
of a gas apparatus, which, he s^i^s, w"^'»*'w«« 
yery coiipement forexhibit.\n^,"u\\!^s.^«>^'* 
18* 
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the general unturc ol' this new art of illumim 
tion ; while it may serve to ascertain, iit a tri- 
fling expense, the comparative value of different 
kinds of coals intended to he emjilojed for the 
production of this species of light. 

It consists of three distinct articles of appa- 
ratus. I. A portable furnace, by means of whicb 
the gas is prepared. S. A puriher, or conden- 
ser, which separates and frees the prodi 
obtained from coal from ail extraneous matt) 
and renders the gas fit for the purposes of 
minations. 3, A gasometer, or reservoii 
receiving and preserving the puritied stock- 
gas, from which it may he transferred and di 
trihuted as occasion requires. 

On the large scale, the gasonieter consiala 
two principal parts, namely, an interior vesai 
designed to contain the gas, and an outer vest 
in (Fbich the former is suspended. The lat 
contains the water, by which the gas is confint 
The interior vessel, which contains the gas, 
suspended by chains, hung over wheels, or 
leys, to which weights are attached, so to bah 
the weight of the gasometer as to allow its sli 
descent in such a manner as properly (o sup] 
the lamps with the requisite quantity 

Hence the use of the gasometer is partly 
eqnahKe the evolution of the gas, which comex 
from the retort more quickly at some times than 
at others. When this happens, the vessel rises 
up to receive it ; and, when yae ^.tetavn tron* 
fAe retort diminishes, the wevgltA iS *v« «»< 
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T espeU its contenls, proviiJed the main 

Ropen. 

^e shall cloBQ this account with Mr. Miir- 
I cakiilationii, as to the saving that has 
■ ■ been made in the manufactory of Messra. Phil- 
lips and Iice at Manchester, where the gas 
lights have been in constant use some years. — 
The whole of the rooms of this cotton mill, 
which is one of the larp;eat in the kingdom, as 
well as its counlinir-houscs and store-rooms, and 
llic adJHcent dwelling house, are lighted with 
the gas obtained irom coiil. The quantity of 
light used during the hours of burning, bus been 
ascertained to be about equal to the light of 
2500 mould candles, of six to the pound, each 
of the candles consuming at the rate of -i%lhs of 
.in ounce of tallow per hour. The coal, saya 
Mr. Murdock, is distilled in large iron retorU, 
which, during the winter season, are kept con- 
stantly at work, except during the intervals of ■ 
charging ; and the g^, as it rises from them, ia 'a 
conveyed, by iron pipes, into large reservoirs, I 
or gasometers, where it is washed and puriSed, ^ 
previously to its being conveyed through otlier 
pipes, called mains, to the mill. These mains 
branch off in a variety of r.miificatians, forming 
a total length of several miles, and dimiuisb in 
size, as the quantity of gas required to be passed 
through them becomes less. The burners, in 
which the gas is coDsomed, arc connected wiUv 

E above moins by short Ittbes, ew> oi 'hWOa'v* 
isLed with a cock, to rcgaVi^e \\\«; ■\\'ei»'*^'»'^ 
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of the gH9 to each burner, and to cut it lotnH 
off, when requisite. This latter operation m 
likewise be instantaneously performeil throug 
oat the whole of the burners in each i 
turning a cock, wilh which each main 
vided near its entrance into the room. 

There are two kinda of burners ; the one i 
the principle of the Arirand lamp : the other is 
small curved tube, with n conical end, havi 
three circular apertures, or perforations, 
about the J^th of an inch in diameter, so plac 
that the gas issues in jets, in the form of a liei 
de-lis. The number of burners employed i 
all the buildings amounts to S71 Argiinds, aq 
G63 of Ihe others, each of the former skiving I 
light equal to that of four candles, and each g 
the latter a light equal to two and a quartet 
the same candles. 

When thus regulated, the whole of the ahoy 
burners require an hourly supply of 125U cul 
feet of the gas produced from cannel coal, 
time, during which the gas light is used, 
be reckoned, on the average of the whole yeai 
at leael, at two hours per day of twenty-fool^ 
hours, and for this the consumption will he 
1250 + 2 = 2500 cubic feet of gas per day : 
to produce this quantity, seven hundred weight I 
of cannel coal is required in the retort ; this ia 
bought at Is. 3Jd. per hundred weight, or 8s. 
tor the seven hundred weight. Multiplying by 
lie number of working da5B in Vta ^eav, oc . 
■^yj, tlie anaudi consumption wrt\ \ie \W ^QtaiiJ 
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I cost of which is I2bl. To this must b6 
added forty tons of good common coal, at 10s. 
per ton, required to heat (he retorts. 

The 1 10 tons of cannel coal, when distilled, 
produce about seventy tons of coke, worth S3l. 
The quantity of tar produced from each ton of 
cannel coal is from eleveii to twelve ule gallons. 
In pursuing the cnlculation, Mr. Murdock makes 
the saving of gas lights in comparison with those 
yielded by means of candles, to be about 1400/. 
pep annum. This is upon the supposition that 
the lights are to burn only two hours fer day ; 
taut the advantage is still greater, if the lights 
should be required for three hours or more in 
the twenty -four. 

Mc Accum, in his examination in the house 
of lords on the subject, says, " from reiterated 
experiments I am enabled to say, that a hun- 
dred weight of Newcastle coals produces from 
250 to 300 cubic feet of gas ; and, with regard 
to the light that is obtained from the combustion 
of this quantity of gas, 1 am enabled lo stale, 
that nineteen feet of the gas is equal to a pound 
of tallow candles, sin to the pound," Mr, Ac- 
CUm goes on, and says, "a hundred we iaiht of 
coals produces from four to five pounds of tar, 
which is worth from 33s. to 368. per barrel. 
Achaldronof coals produces sixty pounds of pilch, 
which is worth l|d. per pound ; and a chaldron 
of coals has produced me thirty-two ^ouiuk oC 
es^entinl oil, worth about font ^\\Qfe-*». '^"•fi" 
regnrd fo (he ^iiautity ot lAspVAtw-m, S^ft'sx « 
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chaldron of coals I obtained from twenty-eight 
to thirty-two pounds, which I could sell at 9L 
per hundred weight/' Besides this, Mr. Ac- 
cum states, that his chaldron of coals produced 
a quantity of ammoniacal liquor, which he manu- 
factured into carbonate, or muriate of ammonia, 
the value of which was very considerable. 
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Questions f and other Exercises, on the several Con- 
versations in the foregoing Volume, 



CONVERSATION I. 



What are the characteristics of the acid supporters ? 

How many are there of these ? 

From what is the nitric acid formed, and what are ils 
component parts ? 

Can the acid be readily analyzed P 

What are its properties ? 

Has it an affinity for water ? 

What is aquafortis ? 

To what is it applied ? 

How is it obtained on a large scale ? 

How is it decomposed ? 

Whence does the inflammation proceed in a mixture of 
the nitric acid and oil of turpentine ? 

What e^ect has it on the metals ? 

What is the cause of the heat and red fum^s P 

How is it known that an acid is formed P 

Why does a mixture of nitric acid and snow produce 
cold P 

With what substances does it combine, and what ace it^' 
compounds called P 

of what is jDJtrods acid foYq^ed^ 
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CONVERSATION If. 

Where is the muriatic acid found, and how is it obtAiU'^ 
ed? 

In what state is it the purest ? 

How is it obtained in this state P 

Explain the use of the vessel represented by Fig. 9. 

What are the propei-ties of the muriatic acid gas ? 

With what substances does it unite ? 

Explain the reason of the experiment made with thi| 
acid and nitrate of silver. 

What is it called when combined with oxygen ? 

What are the propeities of the acid in this state, and with 
^vhat substances does it unite ? 

For what purpose is the oxymuriatic acid used ? 

What is aqua^regia, and what is it now called ? 

How is the nitro-muriktic acid obtained ? 

Explain the structure and uses of Woulfe's apparatus. 

CONVERSATION HI. 

\Vhat is the term chlorine meant to denote ? 

Whence is the word derived .'* 

What arguments go to prove that chlorine is an ele' 
mentary substance ? 

What is the most decisive fact in support of this ? 

How is muriatic acid formed ? 

In what common substance is chlorine found ? 

What theory is adopted to account for the destruction of 
colours by chlorine ? 

What are the chief properties of chlorine ? 

What are the salts of chlorine .'* 

What are the distinguishing properties of the hyperoxy- 
muriate of potass ? 

Can you give an account of the experiments by Dr. 
Henry ? 

What is meant by euchlorine, and whence is the name 
derived ? 

In nbat way are cj^lorin^ and axsfswv xoa^vo t^^s^v^R^ 
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Wliat detonatid^ compoiindb formed of chlorine and 
hitrogen, and how is it obtained? 

What action have chlorine and hydrogen upon one an- 
other? 

What effect is produced hy burning potassium in chlo- 
rine ? 

How does Sir Humphrey Bavj^ prove that chlorine is a 
simple body ? 

How is phosgene gas obtained ? 

How is the decompositiou of water effected by the oxy 
muriate of sulphur ? 

Can you give an account of the combustion of ihetfidg 
in chlorine ? 

CONVERSATION IV. 

What were the combustible acids formerly denominated f 

Of what do these acids consist ? 

How are they named ? 

Into what classes are they distinguished ? 

What causes the difference in these acids ? 

In what states is the acetous acid employed ? 

How is vinegar made ? 

Explain the mode in which fluids are distilled. 

How is the acetous acid concentrated ? 

With what substances does this acid unite, and what ara 
file compounds ? 

Does it act upon the metals ? 

How is the acetic ether made ? 

From what is the benzoic acid formeil ? 

What are the combinations of this acid ? 

How is this acid obtained, and under what name is it 
known ? 

In what is it soluble ? 

From what is the succinic acid obtained, and what are 
its properties ? 

what are the compounds of this acid called ^ 

How b the camphoric acid obtained I 

From what is the oxalic acid q\ii\a^%^) wl>a"5 ^'^^^ 
means ? 

VODk lU IS 
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With what substances does it combine ? 

Does it act upon metals ? 

For what is it used ? 

For what is it an excellent test ? 

CONVERSATION V. 

From what and how is the metallic acid obtained, and 
what compounds are made with it ? 

How is the tartaric acid obtained, and what are its pro- 
perties ? 

With what does it combine, and what are the compounds 
called f 

Prom what is the citric acid made ? 

With what substances does it combine, and of what use 
is it? 

What is meant by sebacic acid, and in what state is it 
obtained ? 

Whence is saclactic acid obtained, and what is the ori- 
gin of its name ? 

Of what are saccolates compounded ? 

From what is the laccic acid obtained ? 

From what is the malic acid obtained in great plenty ? 

What produces the lactic acid ? 

From what is the suberic acid obtained, and with what 
does it combine ? 

How is the gallic acid obtained ? 

What is the principal ingredient of ink ? 

What is the theory of ink-making ? 

Why is there no precipitate in good ink ? 

For what is the gallic acid used ? 

From what is the Prussic acid obtained .^ 

CONVERSATION VI. 

Of what nature is the newly discovered substance iodine ? 
How did it obtain its name ? 

* T/ie tutor mlljvnd ^stions /ormed to h» \iw\A m^.*S\ 
^mt38, whicti nceamt b$ repealed here. 



^ho made the original discovenr, and by wbom was it 
pursued to a considerable degree of perfection? 

Describe the method of obtaining iodine. 

Mention some of the more remarkable properties be- 
longine to this substance. 

In what way can iodine be combined with oxygen f 

How is hydiodic acid obtained ? 

When iodine and nitrogen are united, what remarkable 
circumstance attends the compound ? 

Has iodine an affinity for hydrogen ? 

What efifect has the hydiodic gas upon the metals ? 

What remarkable properties attach to hydiodic aoidi 
gas? 

How is this cas decomposed? 

What effect has iodine on sulphur and phosphorus ? 

What is the iode of potassium ? 

Give a description of hydrates. 

What effect has iodine on chlorine ? 

Mention the reasons that lead one to belieye that io^e 
Is a simple substance ? 

What are Dr. Henry's observations on the discovery of 
iodine ? 

How is iodine detected ? 

CONVERSATION VH. 

How are the metals described ? 

Into what classes are the metals divided ? 

Why is mercury reckoned among the malleable metals ? 

How were the metals named by the ancients? 

Why is there no metal> the name of which is to corres- 
pond witli the earth ? 

Whence are metals had ? ^ 

In what state are they dug out of the earth ? 

What is meant by the term matrix ? 

Are metals found in a state of purity ? 

How are they obtained from the ores ? 

What is the reason of the operaliow^ ol m<5^^vcv^"W2N^c 
roasting the ores of metals ? 

What Ht'c the oxydes ? 



320 eXER^BBS ON 

With what sabstances will metals combine f 

How do the metals unite with the earths ? 

Ei^lain the nature of the diflferent oxydes, and the rea 
fon of their names. 

What compounds are made from the union of some af 
the metals? 

What b meant by an amalgam ? 

What are those metals caUedy which were formerly de 
|iominate4 8eq|i<-metals ? 

COP^VERSATION Vni. 

What are the chief properties of gold ? 
What is its specific gravity, and in what is it soluble f 
How is the solution of gold accounted for ? 
Can the oxyde be obtained any other way ? 
How many oxydes of gold are there ? 
With what substances will gold combine? 
How is a thin sheet of gold burnt ? 
For what is the nitro-muriate of gold used ? * 

How is fulminating gold made? 
What are the processes in the fulmioation of gold I 
How are ribands gilt ? 
ts gold used for enamelling ? 
How is the pgrity of gqld expressed ? 
How 19 the ductility of gold expressed ? 
What other metals have been discovered in tiie ore <^ 
platinum ? 
Enumerate the properties of these four metals. 
Whence is ^Id had ? 
What are me properties of platinum ? 
By what means is it fused ? 
Can two pieces of it be welded together.' 
In what way is platinum pxydized? 
Will it combine with the other metals? 
To what use has it been applied? 
Where is platinum found • 
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CONVERSATION IX. 

What are the chief properties of silver ? 
Is it easily converted into an oxyde ? 
How is silver burnt? 
With what substances will it combine ? 
Is our silver coin made from the pure metal ? 
What will decompose the nitrate of silver ? 
To what has the nitrate of silver been applied ? 
Is the nitrate of silver decomposed by the other metals f 
How are barometer-plates, and other things of the same 
sort, silvered over ? 
By what process is metal plated over ? 
What is the thickness of silver plating ? 
How is the arbor Dianse formed ? 
Where is silver found ? 
How is it obtained from the ore ? 

CONVERSATION X. 

What are the properties of mercury ? 

Can it be rendered malleable and volatile ? 

Does it readily combine with oxygen ? 

Is it combustible ? 

In what acids is it soluble ? 

How many oxydes of mercury are there ? 

With what substances will it combine ? 

What is that formerly called ethiops mineral P 

What is the composition of vermillion ? 

What other names are applied to it ? 

How is mercury obtained from cinnabar ? 

How is the phosnhoret of mercury formed ? 

How is the amalgam of gold formed ? 

Is mercury, if attached to gold coin, easily evaporated? 

Explain the theory of gilding metals. 

What is tlie fulminating powder of mercury made wi 

What two ^olid substances rubbeOi Vo?L<i'^'?\ \«« 
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What is that sujbstaiice which used to be called toHnth 
mineral ? 

Where does mercury come from ? 

To what uses is it applied ? 

How is mercmy dbtllled, and what is the object of the 
prpcess? 

CONVERSATION XI. 

What are the chief properties of copper ? 

What is verdigris ? 

Is copper easily reduced to the state of an oxyde ? 

What renders copper vessels dangerous in the procesSies 
pt cookery^ 

Can they be used without risk ? 

How many oxydes of copper a^re there ? 

Can copper be burnt ? 

With what substance does copper combine ? 

How much copper is there in our gold coin ? 

What proportion of copper is there in the silver coin ? 

For what are the sulphates used P 

What are the properties of copper combined with phos- 
phorus ? 

How is the nitrate of copper prepared ? 

Where does copper chiefly come from ? 

How is it separated from other metals ? 

(CONVERSATION XU. 

What are the principal properties of iron ? 
What are the oxydes ofiron ? 
What is common rust of iron ? 
With what substances will it combine ? 
How are artificial eiarthquakcs produced ? 
For what is the carburet of iron used ? 
Of what is cast iron composed ? 
How is iron obtained from the ore ? 
By what means is cast iron converted mlo vitou^ht iroi\ ' 
JVAat Is steel, and what are its pToperWea^ 
/How may steel be known frpm caHl\tou? 



CBBMIfiTRT. ^ 3S3 

With whatmibstances wUl iron combine ? 

Are the salts made from iron useful in the manufeo- 
tures ? 

With what substances does the sulphate of iron afford a 
sympathetic ink ? 

What will remove ink-stains ? 

Why do ink-stains degenerate into iron moulds ? 

How does thb happen almost immediately after the first 
washing ? 

CONVERSATION XIH. 

Of what are saacepansvmade, that ai>e usually called tin-, 
w^re ? 

What are the properties of tin ? 

Is tin easily fused ? 

Is tin easily oxydated ? 

Of what use is the oxyde of tin ? 

With what substances will tin unite ? 

To what purpose is tin-foil applied ? 

How are plain mirrors silvered ? 

To what purpose are the alloys of tin applied ? 

Why and how are copper vessels lined with tin ? 

By what means are the plates madei of which tin vessels 
are manufactured ? 

How are pins tinned over ? 

Can tin be burnt ? 

Is it soluble in the acids ? 

To what useful purposes is tin applied ? 

Where is it chiefly found ? 

What are the chief properties of lead ? 

How many oxydes of lead are there ? 

In what manner do they combine with other metals ? 

How is lead used in separating gold and silver fron^ ttw 
baser metals? 

What is litharge ? 

With what metals will lead combine ? 

To what acre the combioflLtioiis «9^)i<&^1 
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How is the muriate of soda decomposed by the oiyde 
of lead ? 
For what are the salts of lead nsed ? 
How b the silver tree made, and what is the theoiy of it ^ 
Where is lead found ? 
To what purpose has the acetate of lead been applied ? 

CONVERSATION XIV. 

What are the chief properties of nickel ? 

Does it readily combine with oxygen P 

With what other substances does it unite ? 

For what purposes is nickel employed ? 

What are the chief properties of zmc ? 

What effect has the air and water upon it ? 

How is the oxyde of zinc formed*^ 

How many oxydes are there ? 

What is blende ? 

What are the alloys of zinc ? 

How is zinc obtained ? 

Are there any salts of zinc ? 

What is that substance which is commonly called whit? 
vitriol ? 

To what is zinc applied ? 

Is it used in artiticial fireworks ? 

What are the chief properties of bismuth ? 

Under what circumstances does bismuth take fire ? 

What are the oxydes of bismuth, and to what uses are 
they applied ? 

With what substances does it combine ? 

What is bismuth used for ? 

CONVERSATION XV. 

What are the principal properties of antimony ? 
What is that which is sold in the shops as antimony? 
How is it obtained in a metallic form P 
What is meant by the term regulus ? 
aow many oxydes of anllmoivy are ^i5aet<i^ 
low is the glass of antimony oblwxieA ^ 
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IFhltt J9 that substance wliicli is usually called kermet 

With what substances does antimony combine ? 

What is the alloy o( tin and enliinony lued for ? 

Are the salts of antimony in mucli use ? 

Where is antimony found I 

Explain the structure of a reverboralory furnace. 

What are Ihe properties of teilnrium ? 

Ksplain Ihe structure of (he self-acting blow-pipe. 

Where is the tellurium found ? 

What is tliat substance, wbich in the shops is called 

What are the properties of arsenic .' 

Is it readily osydated ? 

How many oiydes aie there of araenic, and in what do 
Ihey reseiubie acids? 

What is the old name of the sulphuret of arsenic, where 
Is it found, and for what is it used ? 
nic be burnt " 



Do you recollect the experiment lo prove this i* 

What effect has arsenic upon iron ? 

To what purposes Is it employed ? 

What is (lie best antidote to exsenic if (aken into the 

Where is this metal found, anil in what state ? 

CONVERSATION XVI. 

What is cobnK, and what are its propertica ! 
Where is It found, and by whom is it preiwred ? 
How is it Diydattid ? 
How many oivdes are there ! 

Eiptain tlie diOeremie lietweetl Cobalt, zaSrs, and smalt, 
is cobalt soluble in any of the acids f 
In what way is a sympathetiu ink made from cobalt, 
and how is it to be used f 

K^olialt found in any parU ot crav w»ni tovwvw^ ' 
what nale is inanguie^e (ouni^ 
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What are its most remarkable properties ? 
How many oxydes of manganese are there ? 
What are the component parts of the black oxycie qf 
manganese ? 
Explain the structure of a wind furnace ? 
In what state is manganese generally focmd? 
Why has manganese Deen c^led the cha$neU(m mineral f 
Where is thb substance foundi 
To what purposes is it applied ? 
What is tungsten ? 
What are its chief properties ? 
How many oxydes are there ? 
What are the properties of the tungstic acid ? 

CONVERSATION XVH. 

How is molybdenum described, and from what mineral 
is it obtained ? 

How is the metal oxydated ? 

What are the chief properties of mplybdic acid? 

With what substances will this acid combine ? 

How many oxydes are there of molybdenum ? 

Which of the mineral acids act upon this metal ? 

Whence does uranium derive its name, and how is it 
described ? 

How is it converted into an oxyde ? 

What are the properties of titanium .^ 

What is chromium, or chrome, and what are its proper- 
ties ? 

What are the principal combinations with the chromic 
acid ? 

How is columbium described, and with what substances 
does it combine ? 

Whence is the tantalite obtained, and how is it de-<. 
scribed ? 

CONVERSATION XVIII. 

TVhat sabstsaices are compreYieudftd xm^ct >^^ wasskR. q£ 
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IVhere is nitre, or the nitrate of potass found ? 

How is it formed artificially ? 

What are the salts of soda ? 

Where is the carbonate of soda formed ? 

Is the sulphate of soda found in a state of nature ^ 

Is not the muriate of soda found very generally ? 

Where is the borate of soda found ? 

What do chemists generally comprise under the gene» 
ral name of salts? 

How is the number of salts regulated ? 

What is meant by ntutral salts f 

How are the prepositions sub and super applied ? 

Explain this by an example. 

What is the (ustinction between the salts, whose names 
end in ate, and of those whose. names end in ile ? 

How are the genera of salts denominated, and the spe- 
cies distinguished ? 

How are the triple salts distinguished ? 

Into what other classes are salts divided ? 

Are the common names, or those introduced of late 
years into Chemistry, the most forcible and intelligible P 

Give me an instance or two in support of your opinion. 

Why do some of the common names mislead ? 

CONVERSATION XIX. 

By what properties are the muriates distinguished I 

How many muriates are there ? 

Why b the muriate of magnesia and ammonia a triple 
salt? 

Which are the ttiost important of the muriates ? 

How is salt, or the muriate of soda obtained ? 

How is the muriatic acid obtained ? 

How b soda got ? 

To what purpose b salt applied ? 

Whence did the muriate of ammonia (sal-ammoniac) de-. 
rive its name ? 

How and in what state b it obtBined I 

What property is there belongmg to tVua ?«iSX^. 
To what use is it applied ? 
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What are the hyperoxygenize'd muiiatesi and what are 
the properties belonging to them ? 
Can you recollect any experiments made with them? 

CONVERSATION XX. 

How are sulphates distinguished ? 

How are Epsom salts obtained ? 

AVhat is extracted from these salts ? 

What number of sulphates is there, and how are they ar- 
ranged ? 

In what does the difference consist between the sulphate 
and the super-sulphate of potass ? 

Can the super-sulphate be reduced to a sulphate, and 
how ? 

What other names belong to the sulphate of lime ? 

In what class of bodies is alum ranked ? 

For what is it used ? 

Of what does pyrophorus consist ? 

What areihe properties belonging to the phosphates ? 

Which is the most important of these salts, and how is it 
obtained ? 

Where is this salt found in a natural state, and what fs 
it called ? 

Is it found in other substances ? 

For what is the phosphate of soda employed, and why ? 

CONVERSATION XXI. 

What are the properties of the carbonates ? 

How are these salts obtained, and how many are there ? 

Which is the most important of the carbonates, and what 
are its other names ? 

What are the properties of the nitrates ? 

How many of these salts are there ? 

What is nitre, or salt-petre, named in the new Che- 
mistry ? 

Bo you recollect any experiments on the nitrate of 
potass ? 

Of what, siDdin whatpropotlV9iis\s^Ti^wi^«txa».ifc^ 



CHEMISTRY*.. 22^ 

How is it manufactured ? 

In what manner is it glazed ? 

Wiiat is the composition of the fulminating powder, with 
nitre as the principal ingredient ? 

How is nitric acid obtained ? 

What is the black, and what the white flux, and what are 
their uses ? 

How many bases are there from which the metallic salts 
are formed ? 

Are the salts made from the metals themselves ? 

Is there ever more than one salt from the same metallic 
substance ? 

When have oxydes a tendency to absorb more oxygen ? 

Can you refer to an instance m point ? 

CONVERSATION XXII. 

How are the metallic salts distinguished P 

How are the mercurial salts characterized ? 

What are the mercurial oxydes ? . 

How are the different mercurial salts denominated ? 

What are the two species particularly noticed ? 

In what case does the nitric acid act upon mercury ? 

What are the distinguishing properties of the nitrate of 
mercury ? 

What are the muriates of mercury ? 

What is the difference between corrosive sublimate and 
calomel, and what are they denominated in the new Che- 
mbtry. 

CONVERSATION XXUl. 

What is the general structure of vegetables ? 

To what do these several parts answer in the animal e- 
conomy ? 

What is a very important difference between vegetables .* 

On what does the vigour of the plant depend ? 

Why do multitudes of the vegetable tribe never arrive at 
perfection ? 

Describe tife first stages of aT\\m«\ wcv^Nfc%^\3s5^^'^'^^'' 

Of what paits do the seeds of ve^cV^X^^ Q.^TWkS\.^. 

VOL. 17. 9,0 
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What is the radicle ? 
What are the cotyledons ? 
What is the plumula ? 

What are the constituent principles of vegetable^ ? 
What is the food of vegetables ? 

What are the principal substances which are met with in 
vegetables ? 
By what methods are vegetables analyzed ? 
How is gum obtained ? 
In what is gum soluble ? 
Of what is it composed ? 
Where does gum come from chiefly ? 

• 

CONVERSATION XXIV. 

What is meant by farina ? 

How is it obtained ? 

By what process is barley made into malt ? 

What are the constituent principles of farina ? 

From what is jelly obtained, and with what does it com- 
bine ? 

From what is sugar obtained ? 

What are its component parts ? 

How is it objtained from the cane ? 

How is it refined ? 

In what is gluten found ? 

What are its properties ? 

Whence is oil obtained ? 

What are its properties ? 

Describe tlie uses of the vessel represented in Fig. 14. 

Show me the uses of the hydrostatic funnel ? 

In what do the fixed oils diifer from the essential oils ? 

How is Ihe vessel used^ which is represented by Fig. 17 ? 

In what does camphor resemble the oils ? 

Whenjce is camphor obtained ? 

Whence is the origin of wai^ and what are its properties ? 

How are resins obtained, and of what are they com- 
posed } 
From what is extract obtaiued, widYi\«\.^tt\\a v^^^^c- 
t/es ? 
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What are its constituent parts ? 
iFrom what is caoutchouc obtained f 
What are its chemical properties ? 
Of what principles is it composed ? 

CONVERSATION XXV. 

From what is tannin obtained ? 
To what is its chief property applied ? 
What is the colouring principle of vegetables ? 
On what is the art of aying founded ? 
To what number may the variety of colours be reduced P 
How are colours fixed in substances ? 
What is the process adopted in dying ? 
Describe what b meant by the word mordant ? 
For what are mordants used ? 
What is meant by bleaching ? 
From what is cork obtwned ? 
What are the properties of the cork ? 
How id the fibre of wood obtained pure ? 
From what countries does cork come, and how is it 
obtained P 

CONVERSATION XXVI. 

How many kinds of fermentation are there ? 

What is fermentation ? 

How does it differ from putrefaction ? 

What things are necessary in fermentation ^ 

What is meant by ferments ? 

What is leaven ? 

Why does the dough for bread swell ? 

What are the species of vinous fermentation ? 

To what is the strength of fermented liquors to be 
imputed ? 

What circumstances are necessary to the process of 
vinous fermentation ? 

How is the process of fermenla\\oit e^^^vftft^"*- 
Of what is alcohol composed ? 
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What are the constituent parts of wine ? 
How is the process of brewing conducted f 
How is vinegar obtained ? 

What is it that changes wine Or beer into vine^ ? 
What is meant by • putrefaction, and what is formed 
during the change ? 
What circumstances are necessary to putrefaction f 
What property renders alcohol very valuable ? 
What is ether, and how is it obtained ? 
By what properties is ether characterized ? 



CONVERSATION XXVU. 

What are the constituent parts of animal substances ? 

How is the gelatine situaied ? 

What are the dbtinguishing characteristics of ^^elatine f 

By what process is leather made ? 

What are the properties of albumen ? 

Why is sugar refined either by the serum of blood, or 
(he whites of eggs ? 

Does albumen make a large part of animal substances ? 

How is animal gluten obtained, and what are the pro- 
perties wliich distinguish it ? 

How is soap made fi-om it ? 

What properties distingi*ish animal resins ? 

From what are they obtained ? 

How, and from what is animal sugar obtained ? 

Of what do the Tartar tribes make an intoxicating li- 
quor ? 

What are the animal oils ? 

Of what is butter composed ? 

By what properties is fat distinguished ? 

How is the lean part of animals formed into a substance 
resembling spermaceti ? 

What are the constituent parts of bones ? 

Of what are the nails and the horns of animals com- 
posed F 

What are the constituent parts oi mcJftveT-ot-^«^^. 
Of what are the scales of nshes co\s\\i09c^^. 
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CONVERSATION XXVUL 

What do you mean by mineral waters ? 

What are the substances found in them ? 

By what are the Buxton and Harrowgate waters dis- 
tingubhed ? 

in what mineral waters is the carbonic acid gas, and in 
what is the sulphuric acid predominant ? 

How are the mineral waters classed ? 

By what are the acidulous waters distinguished ? 

What is the characteristic of chalybeate waters ? 

How are the hepatic waters distinguished ? 

How are the saline waters characterized ? 

How \s carbonic acid discovered in water P 

How is the sulphuretted hydrogen ^ detected ? 

By what method is the sulphuric acid discovered ? 

How is lime detected ? 

What is the best test, if iron is suspected to exi^t iii 
water ? 

Explain the nature of the vessel represented by 
Fig. 18. 

How is the Bristol water imitated ? 

How is the Tunbridge Wells water imitated ? 

What is it that constitutes hard water ? 

For what is hard water unfit ? 

How can hard water be rendered fit for domestic pur- 
poses ? 

Is there any method of purifying putrid water ? 

APPENDIX. 

Describe the method of obtaining carburetted hydrogen 
or coal gas. 
How is it preserved and distributed ? 
How is the admission of the gas regulated ? 
Of what parts does the gas appai^lus coxvsnsX."^. 
What is the construction o£ the ^^•^oxaaVsw oyv^^\^^6^ 
scale ? 
What is the use of the gaaomelet ^ 
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€^ 3roo ghre some aecoaut ci fifr. MModCs cttoa- 
lation? 

What kind of burnfiBn aie used In the mamifiMtoiy at 
Manchester ? 

How manjr cabiefDet of gas are required for tbe hooiijr 

What is the saving estioiated at ? 

What is Mr. Accom's account of the matter ? 
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Page 3 (a) Nitric acid is not so heavy as sulphuric ; nor 
will it produce near so great an elevation of temperature^ 
on being mixed with water. 

Paee 10. (a) Its action ctn charcoal is ei^tremely feeble. 
This fact first led Sir H. Davy to question the correctness 
of the prevailing theory, of the action of this gas on 
combustibles, and eventually to the conclusion, that it 
contains no oxygen. V. p. 14. 

Page 18. (a) A better way is to dip a rod into sul. acid, 
and let a singly drop fall on the mixture. 

Page 61. (a) Gold is found in North Carolina in the 
state of lump. A mass was found there some years ago, 
which weighed 28^. 

Page 61. (a) It would be very difficult to operate on 
platina in any considerable quantity by this means. It is 
obtained from its ores by solution in acids, and subsequent 
precipitation and compression. 

Page 69. (a) It is scarcely to be doubted that this phe- 
nomenon is the effect of galvanic action. 

Page 81. (a) Copper kettles aad. stew ^^vxa '«» ^xfe- 
quently lined with tin, a thin coal olvi\vtfi\i^'5Jsvct^s\Rk'^a» 
surface of the copper, and wWY noX \>fc w^«w\»^> ^^'^'' 
at a beat nearly twice that ot ^QW\Ti^N<iaNfci: . ^ . ^-^^^ 
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Page 101. (a) This effect must alio be refinrrfdto gfl- 
vanism. 

Page 115. (a) This experiment shoHld be perfonaed 
with caution, on account of the poisonous fumes exhaled 
from the oxydized arsenic. ' ^ ("il 

Pa^ 128. (a) Chrome, in the state of an acid, is &Hn4 U 
Gombmed with iron, (forming the native cfaromate «.,n 
iron) in considerable quantity, in the neig^bouihood of ' '. 
Balumore. From this the beautiful pigment called 9I119* ' 
mic yellow is prepared. . . 

Page 130. (a) In a chemicail sense, the combinatfon8br'> 
acids with die earths and metals, are also to be r^arded 
as salts. • .j 

Page 142. (a) The hyper-oxyrauriate of potash is bm ] 
alluded to. 

Page 143. (a) This is not quite correct. The hypM^ 
ox3rmuriates are not fulminatmg powders, nor are anj^. 
of their mixtures to be compared, m this respect, with; ten 
▼eral ^ the metallic fidminatlng powders. 

Page 149. (a) There is no occasion of h6ating a cru- 
cible. If the mixture be put in a pan or on a shovel, and 
fired with an ignited coal, it succeeds very well. 

Page 204. (cQ Oxalate of ammonia is generally pre- 
ferable. 
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7 JlCID, description of, ii, 2B. Combinatiana of. 

dislinguifhing properties of, i, 230. Combinitions 
i, 223. AtTBngeinent of, i, 324. Characteristic b o^ 
S. CJasses of, ib. Ingredienls of, ib. 
'mjlaids. Fluid substances comliiiieil tvith an aildi- 
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y, chemical, i, 23, 41. Diagrams of, i,46 — 51. 

^aliim, attraction of, i, 15 

'mB^herie, description of, i, ISO. Decomposition of, 

H. Varialiooa of, i, 157 

en, description of, ii, 194 

I, deacriplionof,!, Si; ii, 189,190 

i"c. The lenn formeriy given to the slill used by 

misb for their distillations. 
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pertiea of. lb. Fixed and volatile, i, 177. Decompo- 
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na.descriptionof, i,311. Howotrtained,!, 21&9 
ies of, ib. Uses of, ib. 

II, defined, ii, 55 

a, component pnrts of, i, lS-1 

ii»i, combined with mercury, i, 195 

Tlie resolution ofs subatance Into its consthn- 
pBffa, for the purnose ofetaminslion. 
— , definition nl, i, II. Complete, described, lb. 
ipared with decomposition, ib. 
'mi!'. The art of rendering substances tou|!;h, whldl 
natiirBlly hard and brittle. Glass and iron are ail- 
ed by Kradual cooling ; brass and tOTO«« ^ \«*Sl- 
anJ (Jien suddenly plungingl\iem\n t'ii'MW**- 
xy, account of, ii, 108. G\asa of , deatTftwA,'vit »" 
>f,u,110. Whence oblsine4,U,\\^ 
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^pparatus^ expensive, not necesaaiy in QienUf U^^ ^. 

Used ill Chemistijti*^ 
^quaforlia.*iSee Mtric acidn W, 3 
Areometer. A graduated glass instrament with a bnlb^ -j 

which the specific gravity of liquids is ascertained* 
Aroma. A term useoior the odour which arises firoq^fM* 

tain vegetables, or their infusiotts. -^^^ 

JineniCf account of, ii, 113. Of shops U an oiyde-«f j|^ 

senic, ib. Where found, ii, 116 .^i^iV 

Arttf the useful, de^ndent on Chemistiyi i, 18 
jfsp^a(<t4iii,nro{)ertiesof, K, 175 jC 

dfltfrorfion, definition of, i, 16. Of a^;r^ation, Sb. V 

position, i, 20 
JuoUy description of, i, 102. How obtain0d>i, IOC : 

binations of, i, 105. Gaseous oxyde of, i> 161. 

B 
BmyteSf description of, i, 197. Properties of, i, 199 
Bofs. A chemical term, usnalhr applied to denatt 

earth, the alkali, pr the metel, wmch b eowiAank 

an acid to form a salt 
Bett'-metaly a combination of copp^ and tin, U, 84 
Bieaehingf description of> ii, 182 
^ndt, a siilphnret of sine, ii, 104 
Benzoic aeid. description of, ii, 30 
Bismuths arcount of, ii, 106 
BUumensy enumeration and description of, ii, 173 
Boiiins[^ lK>int of, what meant by, i, 75. LiaUe to 

tion, i. 76 
Bonesy coin|K>sition of, ii. 198 
Boranc acui. principle of, i. 243 
Bodiei. confinahle and unconnnabte, divided into, i, 4. Ali 

ill what states thev mavsubsist, i, 54. What kind 

Ions: in heating, i. 65. Expanded by heat, i, 67. 

divided with respect to comliii;*tion, i, 137 
Brew-ini:. process ch, described, ii. 189 
Bron2t\ tV>rnied of copper and cine, n, 105 
£t*'c«, how destroved, u, 156 

C 
Ctj/oKifL how formed, ii, 156 



C4fmjMor. pn^^^rties of. ii. !'«> 
<^Ayy*«wAr an.f^ description of, ii. 
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Ctuukhfrncj origin and ua^s of, 11, 172 

Capacity for heaty description of, i, 62 

CarboHy account of, i, 126. And diamond the same, ib. 
Combines with iron, i, 131 

Carbonates, properties of, ii, 148. Where found, ib. Most 
important of, ib. 

Carbonic add gaS, properties of, i. 142. How obtained, 
i, 144. Uses of, i, 145. Properties of, i, 148 

Carburetsj description of, i, 129 

Carburetled hydrogen gas, descriptio;i of, i, 156. Curioiid 
property of, i, 160 

Cast iron, of what formed, i, 131. How converted into 
wrought iron, ii, 88, 89 

Cerium, account of, ii, 129. 

C/udybeate. A term descriptive of those mineral waters 
which are impregnated with iron. 

Charcoal, properties of well made, i, 132 

Cfiemistry, object of, i, 9. Definition of, ib. With what 
connected, i, 11. Operations of? described, i, 13 

Chlorintj description of, ii, 13. Of a compound, ii, 14. 
Probably an elementaiy substance, ib. From what ob- 
tained, ii, 15. Combinations of, ii, 17 — 25. Action 
of, on the metals, ii, 22 — 25 

Chromium, account of, ii, 128 

Cinnabar, of what compounded, i, 11. Red sulphuret of 
mercury, ii, 74 

Citric acid, description of, ii, 34 

Coal, varieties of, described, ii, 175, 176 

Cobalt, account of, ii, 117. Whence obtained, ii, 119 

Cold, degrees of, in Lapland, i, QQ. How produced, i, 79 

Coldness, description of, i, 55 

Colouring matter, how and from what obtained, ii, 178 

Colours, to what number reducible, ii, 178. From what 
obtained, ib. How fixed in dying, ii, 179. How dis- 
tinguished, ib. 

Columbium, account of, ii, 128 

Combimtiion. A term expressive of a true chemical union 
of two or more substances, in opposition to mere mft- 
chanical mixture. 

Combustible bodies, of \v\iat com\Ki^^^, vA*^ c *• ^ 

— acirfj, description oi;u,^<^, C\^€^^^^^^^^^^">^^ 

Combustibles, simple, i, 139 
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Combustion, what takes place in, i, 8. Accoant of, 
With what accompanied ^ i>). A decomposHior 
How accounted for, ib. Theory of, i, 135. Sii/ 
of, i, 138. Facts relating to. u 141 
Compoiition, attraction of, 1, 27, &«. 
Concentration. The act of increasing the specific 
of bodies. The term is usually applied to fluids 
arc rendered stronger by evaporating a portion 
water which they contain. 

,V , description of, i, 28 

Cotutcnsntion. The act of bringing the componei 
of vapour, or gas, nearer together by pressure 
cold. Thus atmospheric air may be condensed I 
i I iiiiro, and aqueous va()our by the subtraction of < 

if ' till it is converted into water. 

I* ■ Cojtper, account of, ii, 79. Combustibility of, ii, 81 

ri binations of. ii, 83— -85. Whence obtained, ii, SA 

Cork-trees, wliere they grow, ii, 183. How obtatne 
ii' Corrosire sublimate.— -See .Wlcrrury, muriate of. 

Crucibles. Vessels of indispensable use in Chemif 
the various operations of fusion by heat. Tli 
made of baked earth, or metal, in the form of an 
ed cone. — See Fi^. 23, Plate iv, vol. i. 
Crystallization, instance of, i, 19 
* Cupel, a small vessel used for refining gold and si 

See Vol. ii. Plate iii. Fie. 19. 

^ D 
Decomposition, double, what meant by, i, 135 
Diphlosisficatfd. A term which was sjiven by Dr P 
to oxviron ^5. When lie first discovered this 
called it deplilo^islicated air. 
Dfutoxmli. definition ol. ii. 55 
Diaiiif^mi. combustible nature of. i. 1*2*^ 
Dii:(siiun. TUo effect produced by ihi* continued soa 
a Milid substance in a liquid, with tiie ap[)licatlon « 
Disiilla*iou^ process of. desoril>ed. ii. 29 
Dru-rot. prevention i^". i. 130 

Dut'tii^^y. A quality of certain lH>dios. in consequ< 
which they mtty be drawn oux vo ^ c^tvaiw leagi 
out hacturv. 
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G 

GaUie acid, description of, ii, 36 

GekUinef properties of, ii, 194 

C^ats, from what formed, i, 178. DifTerent k 

Properties of, i, 217 
GUmbefs taU, the sulphate of soda, i, 12 
Qlueina, description of, i, 215 
GhUerif description of, ii, 167, 195 
Gold, account of, ii, 57. Fulminating, ii, 5^ 

obtained, ii» 60 
Qum, description, and properties, and compi 

of, ii, 162 
Gumrresins, of what formed, ii, 171. Varieties 
Gtavmetai, a combination of copper and tin, ii; 
Gunpotpder, composition of, ii, 149 

Seat, account of, i, 53. Exists in all bodies, i, 
states, i, 56. '^Action of, on bodies, i, 75 

Ih^aies, description of, ii, 47 

S^fdriodic (xeid gas, description of, ii, 45 

Hydrogen, one of the constituent principles of w 
Affinity of, for caloric, ib. Properties of, ib 
levity of, 1, 108. Why called inflammable ai 
oxygen forms detonating air, i, 109. Hov 
i, 110. Curious property of, i, 113 

Hj/grometers, Instruments for ascertaining the 
mobture in atmospheric air. 

Hyperoxygenized. A term applied to substance: 
combined with the largest possible quantity 
We have muriatic acid, oxygenized muriatic a( 
peroxygenized muriatic acid. The latter can 
ed only in combination. 

Hjfperoxymuriates, description of, ii, 17. Properti 

Jaek-a-lantern, of what it consists, i, 161 
Jce-housesy description of, i, 72 
Jelly, properties of, ii, 165 
Infimnmable air. — See Hydrogen, 
f^fiammable substances, vessel for boiling of, ii, 1 
«r, from what substances made, \\, ^\ * 
•^f s$/mpathetic, hoyr formed, u, \01 , W^ 
wdine, and its compouads, descriipVioTi ol, ui 
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e, ii,48. Means of delecting, ii, 4 
Jridium, descrijilion of, ii, 64 
Iran, lieserinlion of, ii, 86. How oljtBincd from Iho M 

il.SS. Distinclion hntneenand sled, ib. S^lUof, ii, 9| 

Comliustion of, in oxygen gas, i, 87 

Ktrmtt ndntTUl, description of, ii, 110 

Laxde aeid, desenptioD of, ii, 35 

Latent hfal, descriplion of, i, 69 

Lavn, general, i, 27, 40 

Lead, avoounl of, ii, MT. Where found, ii, 101 

, uAite, bow formed, ii, 98 

, red, how formed, ii, 98 

, oxydet of, how applied, ii, 98 

Lead tree, how formed, li, 100 

Ltaeen, lue of, in making breed, ii, IBS 

i.igAt, olfect of on veeetMion, i, 100 

Ugneauijibre, how oWineil, ii, 183 

Lime, how obtained pare, i, 146. The best, from wbalol 
tained, ill. DescnpUon of, i, 204. Carbonales of, il 
Properties of, ib. Great ettraction for cnrbonic aoidt) 
a06. Combinations of. i, SOT, Uses of, il>. 

by frozen, when the tbennometer is 






o/tulphw, an ttllialinc sulphurel, i, 118 

duicriplion qf, i, SOS. How obtained, ib. Va 



of.i,2] 

Malic Mid, deicrii-Han of 11,36 
JIfaf/, how made, il,iee 

Miatgantte, account of, ii, lao. Whence obtained, 
■Moitial elkiapt, an oiyde of iron, ii, 87 
Mailer, sir Humphrey Davy's account of, i, 4 
Mdlitie add, description of, ii, S3 
Mertttry, aaljihurtl o/, >«ra o\Amv«A,'*,^\ 
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Mereuryi nmriaUs of, described, u, 156 

, account of, ii, 72. Combinations of, ii« 
Whence obtained, ii, 77. Uses of, ib. 

MdalSi description c^, ii, 50. Table of, ii, 5} How nan 
by the ancients, ib. Where found, ii, 52. Combinatl 

A' <M,ii,55 

JUBneral waiers, account of the principal, ii, 199 to the < 

MkrorSf curvilinear, method of silyenng of, ii, 94 

Molybdenum^ account of, ii, 124 

^orktmt, definiflbn of, ii, 181. Why employed, ib. 

^ortar, of 'whiQlt composed, i, 207. Goodness of, on w 
depends, ib. 

Muffle. A semi-cylindrical uten^ resembling the tilt 
a boat, made of. baked clay ; its use is thpit of a co 
to cupels in the assay furnace, to prevent the chare 
from falling u^n the metal, qr whatever is the subj 
of experiment. — See Plate iv. Fig. 25, voL i. 

Muriates, properties ofj ii, 188. Of soda; cQBunon s 
where found, ii, 139 

Mwriaiie add, where found, u, 7 

g a$, properties of, ii, 8. Combinations of, 
Difference between, and other acids, ii, 9. Uses of, ii 

N 

J^ofktha, description of, ii, 173 

Jfiekel, account of, ii, 102. Uses of, ii, 10^ 

^NUrates, properties of, ii, 149 

J(Ur€, comjponent parts of, ii, 2 

— — , fuUmtnating jpowder of, ii, 160 

Mtric add, how pormed, ii, 2. Component parts of, 
Analysis of, ib. Properties of, ib. Manufacture of, ii 
Decomposition of, ii, 5. Combinations of, ib. 

Mtrogen. — See Azote. 

Jdlrofas add, description of, ii, 6 

— gas, properties of, i, 153 

O 

on, from what obtained, ii, i67. Properties of, ib. 
sential, ii, 169 

OlefimU gas, how formed, i, 161 

O^nzum, description of, ii, 64 
Oxa/ic acid, description of, ii, Z\ 
P^ydes, formation of, i, 96 
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O-t-yitt, hlaek and red, dislinollons between, li, J53 

: , tnftntniU, ii, IH 

Oxygtn, great usefulness of, i. 91 

gat, of what composed, i, 82. How procOPed, 

i, 92, 94. Splendour of bodies burnt iiJ, 1, H ^- PLOy 



faUadiiMi, description of, ii, 64 

Pattni ytUow, of whet composed, ii, 100 

Petti, description of, ii, 176 

Feripiralion, why productive of cold, i, 78 

Felroliitnh pro^rtiei of, ii, 174 

PacttT, combinBtion of lead and tin, ii, 99 

PA')^Aa(e')//ini«,tbebBais<if human l>ones,ii, 147. Where 

found pure, ib. Eiist) in wheat, ih. 
Pliosphntfj, properties of, ii, 147 
Photpkanittd ksdngcrt giu, deacHption of, i, 160. Com 

bustion in, i, 161. Hovr and where formed, ib, 
Phosphonc add, how obtained, i, 237 
Phospharmu aad, how obtuiuad, i, 237 
P/iotjiliarir boUlft, how formed, i, 124 
Phenphorm, description of, i, 120. Pram what obtained, 

ib. InllaioDiability of, i, 121. CoaibinatioDs of, i, 123 
pinchbeck, formed of copper voi liofl, ii, liS 
Phu, how wliilenedi ii, 00 

FiUh, vtiatral, deacrlplioii and properties of, ii, 174 
Pliala- of Parij, a sulphate at lime, i, as 
Plating. — See Silvenng. 
Pfofinum, account of, ij,e). Uses of, it, S2, Test of, ib. 

Wheoce oblsiued, ii, ^ 
Patmi, component parts of, i, 193 
Fotaadum, properties of, i, ISO. Action ou water, 

Combinations of, i, 192 

rmd sodium, difference of, i, 1D2 

Pol-ineliil, described, ii, 63 

Prince RupaU's melal, a combination of cop|icr owl z 

ii, 84 
Priiittri' (sT"", of whatfoimeAitt,^ 
Produel, cliemicnl metvnins, ul V\w. woAi^i VSi 
frotoxyde, dcfiiiition o(, iV>B6 
^niiticacid, descriirtViiB Qii"i'AT 



i 
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Putrefaction, account of, ii, 184 

Pyrites J now named salphurets, i, 116 

Pyrophorusy formed chiefly of alum, U, 146 

R 

Realgar, a sulphuret of arsenic, ii, 114 

Regulus, description of, ii 109 

Resins, animal, where found; n, 195. Descriptioji and 
properties of, ii, 170 

Rfwdium, description of, ii, 63 

Roasting, in Chemistry, described^ ii, 53 

S 

Sacladic acid, description of, ii, 35 

Sal-ammoniac, the muriate of ammonia, (^ what com- 
pounded, i, 34 ' •. 

Salt. The old name for muriate of soda. 

, common, the muriate of soda, how decomposed, ii, 

140. Uses of, ii, 141 

Salts, description of, ii, 130. Very numerous, ii, 130>— 183. 
Compounds of acids with alkalies, earths and ojcydes, ii, 
133. Neutral defined, ib. Table of, ii, 136 

, neutral, of what compounded, i, 223 

, metallic, properties of, ii, 151, 153. Characteristics 

of, ib. 

Saturation, definition and description of, i, 24 

Sebacic acid, description of, ii, 34 

Semi-metal. A name formerly given to those metals which 
are neither malleable, ductile, nor fixed, if exposed to the 
fire. It is a term not used by modern chemists. 

Semi-metals, how described in the new Chemistry, u, 56 

Silica, from what obtained, i, 215 

Silver, account of ii, 66. In what state found, ii, 70 

Silvering, process of, ii, 68 

Simple bodies, account of by Dr. Thomson, t, 4. Tables 
of, i, 4, 7 

Smalt, from what obtained, ii, 118 

Smelling-bottle, how made, i, 23 

Soap, formation of, i, 180. Decomposition of, i, 181 

So/elerf combination of lead and tin, ii, 99 
S/?erma€eti, descT\\Aio\\ of, ii, 191 
VS/arc/iy from »rhat derived, i\, 164 

f^ee/, a compound of iron and c«lt\)OTv,\,VSV- ^^^^^ ^^■ 
^^ned, and properties of, i\> 8S, S^ 



Slctl, pttliilird, liow diatiuguinhed fi'OTn polished iron, ii, 90 

atratUmi, descttotion of, i, '•Oi. Esperimeol with, i, 204 

Sub, meaning ol, when applied (a sails, ii, 134 

Suber, description of. ii, 182 I 

Sukntfot, fram i^at farmed, ii, 1S2 J 

Subtric add, description or, ii, 36 

Subttanea, aninial, described, ii, 193 * 

Suednic tmd, description of, ii, 30 

Sugar, description and {«xiperties of, ii, Itia. Melhod of 

refining of, ii, 166 
Sugar of Itad, aa aceMe oC lead. ii. 101 
- ■, . . , .. . . (^ 

^9 of, ii, 144 



Sulphur, description of, i, 115. WhPre found, i, 119. How 
dissolved, US. Comiiines with mHala, iti. Flowfnof, 
i, 117. Combinations of, i, 118. Liveror.ib. Inflani- 
TiiabilUf of, ib. Usos of, US 

fivlplmreit. combinatioua of siilpLur wltii molals and alta- 

ed, i, 229. ' „, 

233. Combinatioas of, i, 233. Uses of, i, 234 
Sidplmroiii acid, how obtained, i, 234. Properties of, ib. 

Forwbatujed, 1,235 
Suptr, meaning of, when applied ta-salts. ii, I!t4 
Sujfwnert, am. cbantclerislics of, ii, I. fiamber of, jb. 
ffi/ttthciit, definition of, i, 11 
Sj/pli on.Abenttutieusedbj- chemists fordrawingliq aids fi^nm 

oiievcssel into another. '" ' 



T(7nnm,howol)tained, Bodnseflof,ii, I7J 

Tanlaliiim, account of, ii, 129 

Tarlarie arid, description of, "J, 33 

7^ J/urfrtm, account of, ii. III. IVhencE obtain fi!, ii. 

Tea!, That part of a cupel which is impregnated witb Ii 
tborge in the ogwrBtlon of refining lead. Ii ^ also * 
name of wliiitever is cmployeil in chemical pi^rim/4 
to detect tlie several 'inCTeiwiu.\a (A wwj t<n»{w>'i^-»™'- 

TSnw.effectsof.i.ll 

^/lermomeltr, use of, i, &6, 09. tiiAuSiaO.'e.i.'wi 'e™' 
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'IJiermBmeler, Weigtieoo^i, described, i, flB 
rm,Bccoantof,li.a3. [;>esor,ii,»4_»7. Where foiud.ii, 97 

, txyde of, aJBnitjr of, for alamiiia, ii, ITS 

T^fDiium, accomit of, ii, 127 

Tombac, a combination of idnc and coppV-i^M 

Tangtttn, accouatof, ii, 122 

Turbith mineral, Btait of meTcury, ii, 76 



__j lo the hiirDSn boij, lb. Ol 

what they depend for subsistence, ii, 169. Stntetunof. 

ii, 160. Principles of, ib. VHiy prodactive of OiJTfea. 

1^, ii, 161, How analyzed: ib. 
Vcniu,reg)dtui>/, how formed, ii, 110 
yiatjpxr, how made, ii, 189 
Vitriol, great, a eiiTphate of iron, ii, IS2 
t'l^atile alkali, description of, i, ISti. Combinatioiis of) i| 

183. Decomposition of, i, 194 



fFai/ang,in ChemisliyjObJeGloT, ii,63 
)Paler, decomposition of, i, 166, 169. CompMition of, i 
170, 175 

, «q/)'. described, i, 182 

Walera, aciduloiii, contents of, ii, 301 

. dialgbtalt, contents of, ii, ib. 

, hepfaie, contents of, ib. 

(far, how formed, ii, 170. rrowrties ofgll 
Wcldinf', operation of, described, ii, 61 
fViiie, strength of, (o what attribolul, ii, 

faclurcd, il). 
H'uM/f rf, tiieory of bleachins of, i, 235 
(r(ii((/t'i aimaralut, description of, ii, 11 

Y 
i'ilria, description of, i, 214 
Z 
^t/Tft, an oxvJe of cohH\t,H, \m 
Sffiu; account nf, ii, 102. Wlreuca Q\i\»Wia,'ai\«> 
^ireonia, ticscrlpUon of,iiai5 
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